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7D\ORULVPDW:DWHUWRZQ$UVHQDO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3ULQFHWRQ3ULQF
HWRQ8QLYHUVLW\3UHVV$LWNHQVKRZHGWKHLQÁXHQFHDJURXSRIVNLOOHGZRUNHUVKDGRYHUWKHLPSRVLWLRQRI):7D\ORUҋVSURFHVV
PDQDJHPHQWV\VWHPDSURFHVVWKDWZDVRIWHQVHHQDVVRFRPSHOOLQJLQORJLFWKDWLWVLQFRUSRUDWLRQZDVLQVXUPRXQWDEOH
vii
WRWKHPRRQµDUHÀQHH[DPSOHVRIWKLV7KH$PHULFDQ
SODQ FRQVLVWHQWO\ RXWOLQHG E\ HDUO\ DGYRFDWHVZDV
GHYHORSDURFNHWFDSDEOHRIDFKLHYLQJRUELWDOYHORFLW\
WKHQGHYHORSWKHDELOLW\WRFDUU\HTXLSPHQWLQWR(DUWK
RUELWZKHUHDVSDFHVWDWLRQFRXOGEHDVVHPEOHGDIWHU
ZKLFKH[SORUDWRU\PLVVLRQVFRXOGWKHQEHODXQFKHGLQWR
RXUVRODUV\VWHPIURPWKDWVWDWLRQ7KHSODQ·VORJLFZDV
FRPSHOOLQJ$QRUELWLQJVWDWLRQZRXOGDOORZIRUGLIIHU
HQWO\VL]HGURFNHWVWREHDVVHPEOHGIRUGLIIHUHQWPLV
VLRQVZKLOHPDWHULDODQGIXHOFRXOGEHSRVLWLRQHGWKHUH
LQVWHDGRIODXQFKHGLQWRWRIURP(DUWKIRUHDFKPLVVLRQ
7KLVSODQZDVWXUQHGRQLWVKHDGVXGGHQO\LQ
ZKHQSUHVLGHQW-RKQ).HQQHG\WRRNDQDVFHQW86
VSDFHSURJUDPDQGPDGHLWLQWRDSROLWLFDOWRRO+HDQG
KLVDGYLVRUVUHDOL]HGWKDWWKHHDUO\6RYLHWVXFFHVVHV
LQVSDFHZHUHDSRWHQWWRROLQWKH&ROG:DUDQGKDG
WREHPHWLQNLQG$VDUHVXOWZKDWKDGRQFHEHHQD
ORJLFDOO\SODQQHGWHFKQRORJLFDOXQGHUWDNLQJWKDWHY
HU\RQHH[SHFWHGZRXOGSURFHHGIURP$WR%WR&WR
'DQGWKHQ(VXGGHQO\ZHQWIURP$WR%DQGWKHQ(
VNLSSLQJ&DQG'DOWRJHWKHU1RZWKHUHZRXOGEHQR
VSDFHVWDWLRQDQGQRSUHSRVLWLRQLQJRIHTXLSPHQWIRU
H[SORUDWLRQLQVWHDG1$6$ZRXOGJRIURP(DUWKRUELW
WRWKHPRRQZLWKQDU\DVWRSDORQJWKHZD\
(YHQWXDOO\ WKH DJHQF\ZRXOG UHDFK VWHS&³WKH
VSDFHVWDWLRQ³ZHOODIWHUWKHRWKHUJRDOVZHUHEHKLQG
LWEXWE\ WKHQPXFKRI WKH$PHULFDQSXEOLFZRXOG
ZRQGHUDERXWWKHYDOXHRIJRLQJEDFNWRIXOÀOOWKDW
REMHFWLYH
&XOWXUDOLQÁXHQFHVFDQEHREYLRXVDQGDSSDUHQWRU
WKH\FDQEHVXEWOHDQGQHDUO\LQYLVLEOHEXWWKH\DUH
DOZD\VSUHVHQW7DNH5REHUW0RVHV IRUH[DPSOHD
QRWHGXUEDQSODQQHULQWKHÀUVWKDOIRIWKHWZHQWLHWK
FHQWXU\ZKRZRUNHGLQ1HZ<RUN&LW\DQGLWVHQYL
URQV0RVHVZDVDQHDUO\DGYRFDWHRIWKHDXWRPRELOH
DQGE\WKHHQGRIKLVFDUHHUZDVUHVSRQVLEOHIRUPDQ\
RI WKH HOHYDWHG URDGZD\V WKDW ELVHFW WKH FLW\·VÀYH
ERURXJKVDUWHULHVWKDWFURVVZKROHVHFWLRQVRIWKHFLW\
JLYLQJGULYHUV WKHDELOLW\ WR WUDYHUVH WKHPHWURSROLV
ZLWKRXWVWRSSLQJLQLW
(DUO\LQKLVFDUHHULQKLVSRVLWLRQDVSUHVLGHQWRIWKH
/RQJ,VODQG3DUN&RPPLVVLRQKHVDZWRWKHFRQVWUXF
WLRQRIQHZURDGVIURP1HZ<RUN&LW\WRSDUNVDQG
EHDFKHVRXWVLGHWKHFLW\VRWKDWUHVLGHQWVFRXOGÀQG
UHOD[DWLRQLQWKHRSHQDLU+LVZRUNLQWKLVLQVWDQFH
SODFHG0RVHV LQ RSSRVLWLRQ WRZHDOWK\ ODQGRZQHUV
RQ/RQJ,VODQGZKREHJUXGJHGDORVVRIH[FOXVLYLW\
PHDQZKLOHWRXWLQJWKHDXWRPRELOHDQGDFFHVVWRWKHVH
GHVWLQDWLRQVPDGHKLPWKHFKDPSLRQRIWKH(YHU\PDQ
2UVRLWVHHPHG8QQRWLFHGE\YLUWXDOO\HYHU\RQHZDV
WKDW0RVHVPDGH VXUH WKDW WKHEULGJHV FURVVLQJ WKH
1HZ<RUN6WDWH3DUNZD\ RQHRI WKHHDUO\PRGHUQ
OLPLWHGDFFHVVURDGVWKHVDPHURDGGHOLYHULQJ1HZ
<RUNHUVWRWKHVHSDUNVDQGEHDFKHVZHUHKLJKHQRXJK
IRU FDUV WR SDVV XQGHU EXW QRW EXVHV7KLV HQVXUHG
WKDWWKDWRQO\WKH´ULJKWVRUWµZRXOGUHDFKWKHSDUNV
DQGEHDFKHVE\ZKLFK0RVHVPHDQWWKRVHZKRGLG
QRWQHHGWRULGHDEXVWRJHWVRPHSODFHDQHFRQRPLF
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DQG UDFLDOÀOWHULQJ7KHSRLQWKHUH LV WZRIROGÀUVW
WHFKQRORJ\DEULGJHLQWKLVFDVHLVQRWQHFHVVDULO\
VWUDLJKWIRUZDUGDQGDSROLWLFDOEXW UDWKHU LVDGDSWHG
XVHGPRGLÀHGRUHYHQUHMHFWHGE\VRFLDOIRUFHVDQG
VHFRQGWKRVHIRUFHVFDQEHKDUGWRVSRW
7KH DHURG\QDPLF HIÀFLHQF\ RI ORQJKDXO WUXFNV
PD\ VHHP WR EH RQO\ DPDWWHU RI IXHO SULFHV GUDJ
FRHIÀFLHQWVDQGYHKLFOHPRGLÀFDWLRQVEXWDQXDQFHG
H[DPLQDWLRQRIWKHVXEMHFWUHYHDOVFXOWXUDOLQÁXHQFHV
RQDWHFKQRORJLFDOGHYHORSPHQWWKDWPLJKWRWKHUZLVH
DSSHDUORJLFDODQGVWUDLJKWIRUZDUG
7KHUH DUH WZRSULQFLSDO REMHFWLYHV WR WKLVPRQR
JUDSK7KHÀUVWLVWREULQJORQJRYHUGXHDWWHQWLRQWR
UHVHDUFKGRQHDW1$6$'U\GHQRQWUXFNDHURG\QDP
LFVZRUNQRWXVXDOO\DVVRFLDWHGZLWKWKHDJHQF\EXW
UHVXOWVIURPZKLFKKDGDQGFRQWLQXHWRKDYHDGLUHFW
EHQHÀW WR WKH86 HFRQRP\7KH VHFRQG LV WR XVH
WKLVFDVHDVRQRSSRUWXQLW\WRWHDVHDSDUWVRPHRIWKH
VWUDQGVRIWKHVRFLDOIDEULFLQWHFKQRORJ\·VFRQVWUXF
WLRQ DQG DGDSWDWLRQ VRPHWKLQJ QRW UHJXODUO\ GRQH
ZLWK1$6$·VWHFKQLFDOZRUN,IZHJHQXLQHO\VHHNWR
XQGHUVWDQGRXUVHOYHVZHFDQLOODIIRUGVXSHUÀFLDODW
WHQWLRQWRWHFKQRORJLFDOFKRLFHVZH³RURWKHUV³PDNH
UHJDUGLQJLWVXVHUHMHFWLRQDGRSWLRQRUDGDSWDWLRQ
,W·VLPSRUWDQWWRNQRZZKRPDNHVZKDWGHFLVLRQVWKH
UHVXOWVFDQEHVXUSULVLQJ
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1$6$KDVORQJEHHQLQYROYHGLQSURMHFWVZLWKRQO\
WDQJHQWLDO OLQNV WR DHURQDXWLFV RU VSDFH2IWHQ WKLV
LV WKH UHVXOW RI VHUHQGLSLWRXVGLVFRYHULHV LGHDV DQG
WHFKQRORJ\IRUZKLFKHQJLQHHUVÀQGXVHVRWKHUWKDQ
ZKDWZDVÀUVWLQWHQGHG6XFKLVWKLVVWRU\
)URPWRWKH\HDULQZKLFKWKHDJHQF\
EHFDPH1$6$WKH1DWLRQDO$GYLVRU\&RPPLWWHHIRU
$HURQDXWLFV1$&$RSHUDWHGWKH+LJK6SHHG)OLJKW
5HVHDUFK6WDWLRQDW0XURF$LU)RUFH%DVH WRGD\·V
(GZDUGV$LU )RUFH%DVH7KH1$&$ HQJLQHHUV
ZKRFDPH WR WKHKLJKGHVHUWQRUWKRI/RV$QJHOHV
&DOLIRUQLDGLGVRDWDWLPHZKHQWKHÀUVWDQGVHFRQG
JHQHUDWLRQVRIH[SHULPHQWDOURFNHWSODQHVZHUHVWLOO
FHQWUDOWRWKHZRUNGRQHDWWKHÁLJKWUHVHDUFKRXWSRVW
,QWKHFRXUVHRIWKHLUGXWLHVPDQ\RIWKHVHHQJLQHHUV
VSHQWWLPHFDOFXODWLQJDHURG\QDPLFGUDJRIXQSRZHUHG
DLUFUDIWEHFDXVHURFNHWSODQHVZHUHDLUODXQFKHGH[
SHQGHGWKHLUIXHOLQDEULHIÁLJKWDQGODQGHGZLWKRXW
SURSXOVLYHSRZHU,WZDVLPSRUWDQWWRNQRZZKDWZDV
KDSSHQLQJLQWHUPVRIOLIWDQGGUDJRQFHDURFNHWSODQH
UDQRXWRIIXHODQGWKLVLQFOXGHGLQIRUPDWLRQDERXW
GUDJJHQHUDWHGE\WKHURFNHWSODQH·VEOXQWWUXQFDWHG
DIWHUERG\ZKHUHDFOXVWHURIURFNHWQR]]OHVZDVOR
FDWHG7KHSLQQDFOHRIWKHURFNHWSODQHSURJUDPZDV
WKHVXFFHVVRIWKH;WKHZRUOG·VÀUVWK\SHUVRQLF
DQGVSDFHSODQHRQZKLFKPDQ\RIWKHVHHQJLQHHUV
ZRUNHG %\ WKLV WLPH WKHDJHQF\KDGHYROYHG LQWR
1$6$2WKHUVHYHQWXDOO\VSHQWWLPHRQRQHRUPRUH
RI WKH IDPLO\ RI OLIWLQJ ERGLHV SHFXOLDUZLQJOHVV
DLUFUDIWPHDQWWRH[SORUHWKHSRVVLELOLW\RIÁ\LQJWRD
ODQGLQJDIWHUUHWXUQLQJWRWKHDWPRVSKHUHIURPVSDFH
:KHQGHVLJQLQJDLUFUDIWRUHYHQSDUWVRIDLUFUDIW
VXFKDVH[WHUQDOIXHOWDQNVDHURG\QDPLFLVWVXVXDOO\
VWULYHIRUDVHIÀFLHQWDVKDSHDVSRVVLEOH,IVSHHGDQG
HIÀFLHQF\DUHWKHJRDOEOXQWVKDSHVDUHWREHDYRLGHG
$HURG\QDPLFLVWVXVXDOO\ZDQWDVVWUHDPOLQHGDVKDSH
DVSRVVLEOHDQGWKLVDSSOLHVERWKWRWKHIRUHDQGWKH
DIWHUERG\RIDQREMHFW,QSULQFLSOHWKHFOHDQHUDVKDSH
WKH OHVV GUDJ LWZLOO JHQHUDWH³WKH VKDUNPLJKW EH
UHJDUGHGDVWKHLGHDOERG\IRUSDVVLQJWKURXJKZDWHU
IRUH[DPSOHZLWKLWVVKDUSQRVHDQGDERG\WKDWWDSHUV
WRDOPRVWQRWKLQJ
%XW OLIWLQJ ERGLHV URFNHW SODQHV DQGK\SHUVRQLF
YHKLFOHVVKDUHDIDLUO\VLQJXODUDQGVHHPLQJO\FRQWUDU\
DHURG\QDPLF IHDWXUH D EOXQW DIWHUERG\$OWKRXJK
VXFKDVKDSHLVXQGHVLUDEOHIRUPRVWDLUFUDIWLWLVDQ
XQDYRLGDEOHSDUWRIDLUFUDIWLQWHQGHGIRUDWPRVSKHULF
HQWU\DQGDQLQHYLWDEOHIHDWXUHRIURFNHWSODQHV7KH
HQJLQHHUVDWWKH)OLJKW5HVHDUFK&HQWHU)5&DVLW
KDGEHFRPHNQRZQE\WKHVZUHVWOHGZLWKWKLV
FKDUDFWHULVWLFQRWVLPSO\EHFDXVHLWZDVFRXQWHULQWXL
WLYHEXWEHFDXVHKLJKDIWHQGGUDJKDGGUDPDWLFVRPH
WLPHVSRVLWLYHHIIHFWVRQDYHKLFOH·VVWDELOLW\LQÁLJKW
,QGHHGWKDWKLJKGUDJZDVQRWPHUHO\DQXQDYRLGDEOH
UHDOLW\EXWZDVRIWHQGHVLUDEOHRQFHUWDLQDLUFUDIW7KLV
H[SHULHQFHEHFDPHFHQWUDOWRWKHH[SORUDWLRQRIWUXFN
DHURG\QDPLFVSXUVXHGDWWKH)5&LQWKHVDQGV
*ODQFLQJDWDQLPDJHRIWKH)5&·VRZQGHVLJQIRU
DQDHURG\QDPLFWUDFWRUWUDLOHUDQGWKHQDWDQLPDJH
RIWRGD\·VORQJKDXOWUXFNVWKHKHULWDJHRIWKHODWWHU
PD\QRW EH REYLRXV2QH UHDVRQ LV WKDW WKH)5&·V
WUXFNZDVDFDERYHUDVW\OHOHVVDQGOHVVRIWHQLQXVH
WRGD\ IRU ORQJKDXO IUHLJKW$QRWKHU LV WKDWGHVSLWH
UHVXOWV JOHDQHG WKURXJK WKH FHQWHU·V UHVHDUFK IHZ
PDQXIDFWXUHUVDGRSWHGWKHVXJJHVWHGFKDQJHVH[FHSW
WRWUDFWRUFDEV1HYHUWKHOHVVFXUUHQWORQJKDXOWUXFNV
RZHDJUHDWGHDOWRHPSLULFDOUHVHDUFKFRQGXFWHGDW
WKH1$6$FHQWHUDQGWRWKHSXEOLFDWLRQVHPDQDWLQJ
IURPWKHUHRYHUWKH\HDUVLQIRUPLQJWKRVHLQWHUHVWHG
LQWKHSLWIDOOVDQGJDLQVWKDWOD\DKHDG
1 One only has to look at the agency’s publication 6SLQRII or the list of patents held by the agency to grasp the extent to which this is true.
2 The NACA was founded in 1915 in response to lagging performance in the American aeronautics !eld when compared to European 
advancements. Despite the Wright brothers having been the !rst to "y, Europeans soon eclipsed Americans in the !eld, a reality driven 
starkly home by the events of World War I. The agency was transformed into NASA in 1958, in direct response to the successful Soviet 
launches of Sputnik I and II.
3 This bluntness is not restricted to the aft end of such vehicles. It appeared on the trailing edge of the ailerons and "aps of the X-2, for 
instance. The blunt trailing edges permit gradual sloping on the aft portion of these surfaces, which was bene!cial at supersonic speeds 
since it improved control effectiveness. 
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$UHÁHFWLRQRQ1$6$·VLQWHUHVWLQDHURG\QDPLFDOO\
HIÀFLHQWWUXFNVWXUQVRXWWREHPRUHWKDQMXVWDQDF
FRXQWRIIDLULQJVDQGEDVHGUDJDQGVXUIDFHURXJKQHVV
7KLVKLVWRU\LVDOVRDERXWWHFKQRORJLFDOFKRLFHVFXO
WXUDOYDOXHVDQGKRZ$PHULFDQVGHÀQHWKHPVHOYHV
$QGVLQFHWHFKQRORJ\LVDUHÁHFWLRQRIKXPDQFKRLFHV
DQGYDOXHVWKLVFRPHVDVQRUHDOVXUSULVH
3LORW%LOO'DQDVWDQGVLQIURQWRIWKH1RUWK$PHUL
FDQ$YLDWLRQ;IROORZLQJDVXFFHVVIXOODQGLQJRQ
5RJHUV'U\/DNHDW(GZDUGV$LU)RUFH%DVH
1$6$     (
$W OHIW WKH%HOO; WKHÀUVWDLUFUDIW WRH[FHHG WKH
VSHHGRIVRXQG/LNHPRVWRIWKHHDUOLHVW;SODQHVLW
ZDVURFNHWSRZHUHG
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Chapter Two
Eddies and Currents
(GZLQ ´(Gµ - 6DOW]PDQ DW KLV GHVN DW WKH )OLJKW
5HVHDUFK&HQWHU,QKLVKDQGVLVWKHSULPDU\WRRORI
WKHGD\IRUÁLJKWWHVWHQJLQHHUVDVOLGHUXOHWKLVRQH
OLNHO\DLQFKPRGHO
1$6$     (%
:KLOHUHJXODUO\ULGLQJKLVELF\FOHIURPKLVKRPHLQ
1RUWK(GZDUGVWRWKH1$6$)OLJKW5HVHDUFK&HQWHU
WRGD\·V'U\GHQ)OLJKW5HVHDUFK&HQWHURQ(GZDUGV
$LU)RUFH%DVH(GZLQ-´(Gµ6DOW]PDQQRWLFHGWKH
SXVKDQGSXOORIWUDFWRUWUDLOHUVDVWKH\SDVVHGKLP
6DOW]PDQ·VURXWHWRRNKLPDORQJDVHFWLRQRI+LJKZD\
LQ6RXWKHUQ&DOLIRUQLD·V+LJK'HVHUWEHIRUHYHHU
LQJRIIWRZDUGWKHEDVH7KH'U\GHQ)OLJKW5HVHDUFK
&HQWHULVRQHRIVHYHUDOWHQDQWVRIWKH86$LU)RUFH
DW(GZDUGV+LJKZD\ZDVDQGLVIUHTXHQWHGE\
WUXFNV FRPLQJ IURP$UL]RQD1HYDGD RU1RUWKHUQ
&DOLIRUQLDWKDWVHHNWRDYRLGWKHJUHDWHU/RV$QJHOHV
DUHD$VWKHVHWUDFWRUWUDLOHUVFDPHXSRQ6DOW]PDQKH
ÀUVWIHOWWKHERZZDYHRIDLUSXVKLQJKLPDZD\IURP
WKHURDGDQGWRZDUGWKHVDJHEUXVKDQGWXPEOHZHHGV
%XWDVWKHWUXFNVVZHSWSDVWWKHLUZDNHVKDGWKHRS
SRVLWHHIIHFW WHQGLQJ WRGUDZKLP WRZDUG WKH URDG
HYHQFDXVLQJULGHUDQGELF\FOHWROHDQLQWRWKHODQH
$Q\RQHZKR·VULGGHQDELF\FOHQH[WWRIDVWPRYLQJ
WUDIÀFKDVIHOWVRPHRIWKLVDOWKRXJKWKHIXOOHIIHFW
LVDYDLODEOHRQO\WRWKRVHEROGHQRXJKWRPLQJOHZLWK
RYHUWKHURDGWUDFWRUWUDLOHUVDWKLJKZD\VSHHGV
6DOW]PDQFDPHWRWKH+LJK'HVHUWLQWRZRUN
DV DQ HQJLQHHU IRU WKH1$&$ MXVW IRXU \HDUV DIWHU
D KXPDQ ÀUVW VXFFHVVIXOO\ H[FHHGHG WKH VSHHG RI
VRXQG+HFXWKLVDHURQDXWLFDOHQJLQHHULQJWHHWKRQ
WKH; URFNHW SODQHV WKDWZHUH VWLOO EHLQJXVHG WR
H[SORUHWKHWUDQVRQLFDQGVXSHUVRQLFUHDOPV,Q
DVWKH;SURJUDPZRXQGGRZQDQGWKHÀUVW0DFK
ÁLJKW WRRN SODFH KH EHJDQZRUNLQJ RQ ´3URMHFW
 
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9LVLWRUVWRWKH6PLWKVRQLDQҋV1DWLRQDO$LUDQG6SDFH0XVHXPLQ:DVKLQJWRQ'&FDQYLHZRQHRIWKHWZRUHPDLQLQJ;V$ORQJVLGH
DVHFRQGÁRRUUDLOLQJIURPZKLFKWKH;LVYLVLEOHDGLVSOD\FDVHKROGVWKUHHWHFKQLFDOSDSHUVH[DPSOHVRIUHVHDUFKGRQHZLWKWKH
;(G6DOW]PDQLVWKHDXWKRURIRQHRIWKRVHSDSHUV
7KH;VDQG'DOOKDGIRXUFKDPEHUURFNHWPRWRUVORFDWHGLQWKHIXVHODJHGLUHFWO\EHQHDWKWKHYHUWLFDOVWDELOL]HU7KHFKDPEHUV
ZHUHDUUDQJHGLQDGLDPRQGSDWWHUQ,QWXUQIRXUURFNHWQR]]OHVZHUHVLPLODUO\DUUDQJHGZLWKWKHOLSRIHDFKQR]]OHPHHWLQJWKHHGJHRI
DÁDWSODWHWKDWIRUPHGWKHHQGRIWKHDLUSODQH,QWKHFDVHRIWKH;LQLWVÀQDOFRQÀJXUDWLRQWKHVLQJOHURFNHWPRWRUKDGDGLDPHWHU
QHDUO\DVODUJHDVWKHDLUFUDIWҋVIXVHODJH$ERYHDQGEHORZLWERWKYHUWLFDOVWDELOL]HUVZHUHXQFRQYHQWLRQDOLQWKDWWKH\ZHUHZHGJH
VKDSHGODFNLQJWKHWUDGLWLRQDOWDSHULQJRIDÁ\LQJVXUIDFHҋVWUDLOLQJHGJH$WVXEVRQLFVSHHGVWKHEDVHGUDJRIWKH;FRQVWLWXWHGPRUH
WKDQSHUFHQWRIWKHWRWDOGUDJDWORZOLIWFRQGLWLRQV
7KH'RXJODV'EHLQJORDGHGLQWRWKHEHOO\RIWKHPRWKHUVKLS/LNHWKH;LWZDVURFNHWSRZHUHGDQGLW
ZDVWKHÀUVWDLUFUDIWWRH[FHHG0DFK
1$6$            (
µ ODWHU NQRZQDV WKH;7KHÁLJKW SRUWLRQ
RIWKH;SURJUDPODVWHGIURPWREXWLW
ZDVSUHFHGHGE\\HDUVRIHQJLQHHULQJZRUNWRZKLFK
6DOW]PDQFRQWULEXWHG$VKHKDGRQWKH;SURJUDP
KHZRUNHGDVDQDHURG\QDPLFLVWIRFXVLQJRQTXHVWLRQV
RIOLIWWRGUDJUDWLRV/':KLOHWKH1$&$·V;DQG
'DLUFUDIWIHDWXUHGEOXQWDIWHUERGLHVEHFDXVHRI
WKHLUURFNHWPRWRUVWKH;GZDUIHGERWKLQWHUPV
RI WKHURFNHWQR]]OHDUHDDQGWKHUHVXOWLQJGUDJ WKH
DIW HQG JHQHUDWHG(YHQ EHIRUH WKH; SURJUDP
HQGHG6DOW]PDQWUDQVIHUUHGWR WKH;%SURJUDP
ZRUNLQJ RQ WKH0DFK  H[SHULPHQWDO ERPEHU WKDW
QHYHUVDZSURGXFWLRQEXWZKLFK1$6$XVHGWRH[SORUH
KLJKVSHHGDWPRVSKHULFÁLJKW$JDLQKHVHUYHGDVDQ
DHURG\QDPLFLVW
,Q6DOW]PDQEHJDQ WKLQNLQJDERXW WKH UHOD
$XWRPRWLYH(QJLQHHULQJ$XJXVWYROQRSSQDEXWWKHDUWLFOHLVGUDZQIURP6RFLHW\RI$XWRPRWLYH(QJLQHHUV
SDSHUVE\3/LVVDPDQDQG:LOOLDP70DVRQ-U
9RUWLFHVWKDWGHYHORSDVWKHDLUVHSDUDWHVIURPWKHWUDLOHUҋVVXUIDFHDUHWKHSUREOHPWKHWXUEXOHQWVZLUOVRIDLUVRPHWLPHVUHIHUUHGWR
DVDMHWSXPSDFWXDOO\GUDZDLUDZD\IURPWKHEDVHGURSSLQJLWVSUHVVXUHDQGWKLVORZHUSUHVVXUHFUHDWHVDGGLWLRQDOGUDJFDOOHG´EDVH
GUDJµ,QHIIHFWWKHWUXFNKDVGLVSODFHGVRPHWRQVRIDLURQFHDQGQRZPXVWSXOOVRPHLWDORQJH[SHQGLQJHYHQPRUHHQHUJ\
7KH 1RUWK $PHULFDQ $YLDWLRQ·V WULSOHVRQLF
H[SHULPHQWDOERPEHUWKH;%9DON\ULHRQHRIWKH
SURMHFWV RQ ZKLFK (G 6DOW]PDQ ZRUNHG GXULQJ KLV
'U\GHQFDUHHU7ZR;%VZHUHEXLOWEXWWKHPRGHO
ZDV QHYHU SXW LQWR SURGXFWLRQ $IWHU RQH DLUIUDPH
ZDVORVWLQDDFFLGHQW1$6$XVHGWKHVHFRQG
IRUDVHULHVRIVXSHUVRQLFH[SHULPHQWVEHIRUHUHWLULQJ
WKHDLUFUDIWWRWKH86$LU)RUFH0XVHXPDW:ULJKW
3DWWHUVRQ$LU)RUFH%DVHLQ'D\WRQ2KLR
1$6$     (&1
WLRQVKLS EHWZHHQ KLV ELF\FOH DQG WUXFNV WKRXJKWV
VWHPPLQJIURPKLVULGHVWRDQGIURPZRUN&RXOGD
WUXFN·VERZZDYHDQG WKH WUDLOLQJZDNHEHUHGXFHG
RUPLWLJDWHG"
/LNHDQ\YHKLFOHDWUXFNSXVKHVDLUDKHDGRILWDVLW
PRYHVQRWXQOLNHWKHERZZDYHRIDERDWZLWKDÁDW
SURZWKHJUHDWHUWKHVSHHGWKHJUHDWHUWKHERZZDYH
7KHDPRXQWRIDLUEHLQJSXVKHGLVQRWLQVLJQLÀFDQWD
PRGHUQQLFHO\IDLUHGFRQYHQWLRQDOWUDFWRUWUDLOHUXQLW
PRYLQJDWPSKGLVSODFHVDVPXFKDVWRQVRIDLU
IRUHYHU\PLOHLWWUDYHOV)URPDQDHURG\QDPLFLVW·V
SHUVSHFWLYHWKHERZZDYHLVDORFDOL]HGKLJKSUHVVXUH
]RQHIRUWKHDLULQWKDWUHJLRQLVSXVKHGIRUZDUGE\
WKHWUXFN·VIURQWVXUIDFH
0HDQZKLOHWKHRSSRVLWHLVGHYHORSLQJDWWKHEDFN
HQGRIWKHWUDLOHU$VWKHWUXFNUROOVIRUZDUGDLULV
SXVKHGDKHDGVRPHRI LWPRYLQJDURXQGDQGRYHU
WKHFDEWKHQXQHYHQO\GRZQWKHVLGHRIWKHWUDLOHU
$WWKHHQGRIWKHWUDLOHUWKHGLVSODFHGDLULVVXGGHQO\
FRQIURQWHGZLWKDQDEUXSWWXUQLWFDQQRWQHJRWL
DWH&RQVHTXHQWO\DORZSUHVVXUH]RQHGHYHORSVMXVW
EHKLQGWKHÁDWHQGWKHEDVHRIWKHWUDLOHU,QWRWKLV
ORZSUHVVXUH ]RQH HYHQWXDOO\ WXPEOHV WKH FKDRWLF
DLUÁRZ IURP WKH WUDFWRU DQG WUDLOHU FUHDWLQJ DGGL
WLRQDO GUDJ7KH VLPSOH GHVFULSWLRQ EHOLHV DPRUH
FRPSOH[DFWLYLW\KRZHYHU7KHFRPELQDWLRQRIWKH
ORZSUHVVXUH]RQHDQGWKHYHKLFOH·VIRUZDUGPRWLRQ
DFWXDOO\FDXVHWKHDLUVZLUOLQJLQWRWKHORZSUHVVXUH
]RQH WRÁRZIRUZDUG LQ WKHVDPHGLUHFWLRQDV WKH
WUDLOHU,QHIIHFWWKHWUDLOHUSXOOVWKLVDLUDSRUWLRQRI
WKDWWRQVRIGLVSODFHGDLUZLWKLWDQGWKLVWDNHV
HQHUJ\7KH KLJK SUHVVXUH DW WKH IURQW WXUELG DLU
DORQJVLGHDVZHOODVRQ WRSDQGXQGHU WKHYHKLFOH
DQGWKHORZSUHVVXUHDWWKHEDFNFRPELQHWRJHQHU
DWH FRQVLGHUDEOH DHURG\QDPLF GUDJ7KH VKDSH RI
ORQJKDXOWUDLOHUVLVGHWHUPLQHGE\IXQFWLRQMXVWDV
DQRFHDQJRLQJVKLSSLQJFRQWDLQHU·VLVUHFWDQJXODU
DQGFXEHOLNHWRFUHDWHWKHPD[LPXPDPRXQWRILQ
WHUQDOVKLSSLQJYROXPH<HWHYHQZKHQWKHREMHFW·V
VKDSHLVE\QHFHVVLW\RQHRIWKHOHDVWDHURG\QDPLF
GUDJ FDQ EH FRQWUROOHG RU OHVVHQHGZLWKPRGLÀFD
WLRQV WR LWV H[WHUQDO VKDSH7KLV LVZKDW 6DOW]PDQ
FRQWHPSODWHGDQGKHGLGVRQRWRQO\LQWKHFRQWH[W
RIKLVRZQNQRZOHGJHRIDHURG\QDPLFVEXWDOVRLQ
WKHFUXVKRIWKHÀUVWSHDFHWLPHIXHOFULVLVIDFHGE\
WKH8QLWHG6WDWHVLQ
6KDSHV
0RGLI\LQJWKHVKDSHRIPRWRUYHKLFOHVWRLPSURYH
WKHLUDHURG\QDPLFVLVQRWDQHZSXUVXLW5HFRUGVRI
VXFKDWWHPSWVWRLPSURYHDHURG\QDPLFHIÀFLHQF\GDWH
WR WKH HDUO\ WZHQWLHWK FHQWXU\ZKHQ ODQG YHKLFOHV
RWKHUWKDQWUDLQVUHJXODUO\EHJDQH[FHHGLQJWKHVSHHG
RIDKRUVH$*HUPDQGHVLJQHUIRUH[DPSOHGUHZXS
SODQVLQIRUDKLJKO\IDLUHGFDUURXQGHGDWWKH
IURQWDQGWDSHULQJWRDSRLQWDWWKHWDLO,WHYHQKDG
URXQGZLQGRZVLQDQRGWRSRUWKROHV,Q&RUQH
OLXV0H\HUVUHFHLYHGD86SDWHQWIRUDQLQYHQWLRQ
WKHVKDSHRIZKLFKKHH[SHFWHGWR´ IXUQLVKWKHYHKLFOH
ZLWKDQRYHODLUGHÁHFWRUZKLFKZLOOSUHYHQWWKHIRU
 Eddies and Currents
(GZDUG$6WDONHUZDVDSURIHVVRURIDHURQDXWLFDOHQJLQHHULQJDWWKH8QLYHUVLW\RI0LFKLJDQDQGVHUYHGDVWKDWGHSDUWPHQWҋVÀUVW
FKDLU$PRQJKLVVWXGHQWVZDV&ODUHQFH´.HOO\µ-RKQVRQZKRZHQWRQWRPDNHDQDPHIRUKLPVHOIZLWK/RFNKHHG$LUFUDIW6HH%DUQHV
0F&RUPLFN&RQUDG1HZEHUU\DQG(ULF-XPSHUHGV$HURVSDFH(QJLQHHULQJ(GXFDWLRQ'XULQJWKH)LUVW&HQWXU\RI)OLJKW5HVWRQ9$
$PHULFDQ,QVWLWXWHRI$HURQDXWLFVDQG$VWURQDXWLFVDQGKWWSZZZZYLFRPaVUZHEPDVWHUNHOO\KWPDFFHVVHG
'HFHPEHU

6HHIRUH[DPSOH&RUQHOLXV70H\HUV´$LU'HÁHFWLQJ'HYLFHµ863DWHQW1R($6WDONHU´0HDQVRI5HGXFLQJWKH)OXLG
5HVLVWDQFHRI3URSHOOHG9HKLFOHVµ863DWHQW1R$SULO($'HPSVH\´9HKLFOH%RG\DQG$WWDFKPHQW7KHUHIRUµ86
3DWHQW1RRI-XO\5'3RWWHU´,QÁDWDEOH6WUHDPOLQLQJ$SSDUDWXVIRU9HKLFOH%RGLHVµ863DWHQW1R
0DUFK$OH[DQGUH)DYUH´$LUFUDIW:LQJ)ODSZLWK/HDGLQJ(GJH5ROOHUµ863DWHQW1R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2FWREHU$)6WDPP
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'HFHPEHU:DOWHU6HOGHQ6DXQGHUV´'UDJ5HGXFHUIRU/DQG
9HKLFOHVµ863DWHQW1R2FWREHU1HDO$&RRNDQG*HUDUG)ULHGHQIHOG´9HKLFOH6SDFH&ORVLQJ0HDQVµ863DW
HQW1R5RQDOG$6HUYDLV´6WUHDPOLQLQJ$SSDUDWXVIRU$UWLFXODWHG5RDG9HKLFOHµ863DWHQW1R0DUFK
(GJDU/.HHG\´9HKLFOH'UDJ5HGXFHUµ863DWHQW1R0DUFK$:LOH\6KHUZRRG´:LQG7XQQHO7HVWRI7UDLOPRELOH
7UDLOHUVµ:LQG7XQQHO5HSRUW1R8QLYHUVLW\RI0DU\ODQG-XQH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µ
0RWRU,QGXVWU\5HVHDUFK$VVRFLDWLRQ1RYHPEHU*DU\/6PLWK´&RPPHUFLDO9HKLFOH3HUIRUPDQFHDQG)XHO(FRQRP\µ6RFLHW\RI
$XWRPRWLYH(QJLQHHUV63-DQXDU\)RUDODUJHUVDPSOLQJRIHDUO\86SDWHQWVIRUDHURG\QDPLFYHKLFOHVVHH$SSHQGL[$
($ 6WDONHU·V  SDWHQW GUDZLQJ IRU D FDU ZLWK
ERXQGDU\OD\HUFRQWURO
7KLV LOOXVWUDWLRQ RI DQ DHURG\QDPLF FDU GDWHV IURP

PDWLRQRIHGGLHVRIDLUDWWKHUHDUHQGRIWKHYHKLFOHµ
7KHGHYLFHKDGWKHDGGHGEHQHÀWRIEHLQJFROODSVLEOH
VLQFHLQLWVIXQFWLRQDOVWDWHLWH[WHQGHGDIWRIWKHYHKLFOH
E\DFRQVLGHUDEOHPDUJLQ,Q(GZDUG$6WDONHU
UHFHLYHGD86SDWHQWIRUDPRGLÀHGDXWRPRELOH+H
HQYLVLRQHGDVRSKLVWLFDWHGJHDUGULYHQVXFWLRQSXPS
WKDWGUHZDLULQWKURXJKWZRVORWVDWWKHEDFNRIWKH
FDULQHIIHFWDQHDUO\HIIRUWDWERXQGDU\OD\HUFRQWURO
WRPLQLPL]HLIQRWSUHYHQWÁRZVHSDUDWLRQ%\WKH
HDUO\VWKHUHKDGEHHQWKHRUHWLFDODVZHOODVVRPH
OLPLWHGH[SHULPHQWDOZRUNFRQGXFWHGRQWKHVXEMHFWRI
JURXQGYHKLFOHDHURG\QDPLFVVRPHRIWKHODWWHUHYHQ
HQWDLOHGXVHRIPRGHOVLQZLQGWXQQHOV$QGLQ
5' 3RWWHU UHJLVWHUHG DQ ´LQÁDWDEOH VWUHDPOLQLQJ
DSSDUDWXVIRUGUDJUHGXFWLRQµRQHRIVHYHUDOSDWHQWV
IURP WKH SHULRG IRU DHURG\QDPLF GHYLFHV WDUJHWLQJ
WUXFNV,QGHHGE\WKHVVHYHUDOLQGLYLGXDOVKDG
SURSRVHGVWUHDPOLQLQJORQJKDXOWUXFNVDOWKRXJKOLWWOH
RIWKHZRUNXQGHUO\LQJWKHLUSDWHQWDSSOLFDWLRQVZDV
PRUHWKDQWKHRUHWLFDO
3DWHQWUHFRUGVDORQHVKRZWKDWWKURXJKWKLVSHULRG
PRUH WKDQ D IHZ LGHDV HPHUJHG IRU LPSURYLQJ WKH
DHURG\QDPLFVRIYHKLFOHHIÀFLHQF\SDUWLFXODUO\WKDW
RIWUXFNV:KHQ6DOW]PDQDQGKLVFROOHDJXHVEHJDQ
WKHLUUHVHDUFKLWZDVQRWDVWKRXJKWKH\ZHUHWKHÀUVW
WRDGGUHVVWKHLVVXH7KHUHZHUHGLIIHUHQFHVWKLVWLPH
KRZHYHU)RURQHWKHVHZHUHSUDFWLFLQJDHURQDXWLFDO
HQJLQHHUVZLWK H[SHULHQFH RQ WKH YHU\ VXEMHFW QRW
WKHRUHWLFLDQV RUZLQGWXQQHO UHVHDUFKHUV RU SHRSOH
7KLVLQQRZD\LPSXJQVWKHZRUNRIYDOXHE\DFDGHPLFVRQZKRPSUDFWLFLQJHQJLQHHUVUHO\LQDPXOWLWXGHRIZD\V%XWWKHUHDUH
GLVWLQFWLRQVLQRSSRUWXQLWLHVWKDWEHQHÀWERWKSDUWLHVGLIIHUHQWO\
9LQFHQW80XLUKHDGDQG(GZLQ-6DOW]PDQ´5HGXFWLRQRI$HURG\QDPLF'UDJDQG)XHO&RQVXPSWLRQIRU7UDFWRU7UDLOHUV9HKLFOHVµ
-RXUQDORI(QHUJ\YROQR6HSWHPEHU2FWREHU
/RXLV/6WHHUV/DZUHQFH&0RQWR\D6WXG\RI$HURG\QDPLF'UDJ5HGXFWLRQRQD)XOO6FDOH7UDFWRU7UDLOHU1DWLRQDO$HURQDXWLFV
DQG6SDFH$GPLQLVWUDWLRQ'U\GHQ)OLJKW5HVHDUFK&HQWHU(GZDUGV&$LQFRQMXQFWLRQZLWKWKH86'HSDUWPHQWRI7UDQVSRUWDWLRQ
:DVKLQJWRQ'&'2776&2671DWLRQDO7HFKQLFDO6\VWHPV6HUYLFH6SULQJÀHOG9$
$ZRUOGZLGHHQHUJ\FULVLVEHJDQLQODWHZKHQIROORZLQJWKHHQGRIWKH$UDE,VUDHOL:DURIWKDW\HDUPHPEHUVRI23(&WKH
2UJDQL]DWLRQRI3HWUROHXP([SRUWLQJ&RXQWULHVLPSRVHGDQRLOHPEDUJRRQPXFKRIWKHZRUOGOHDGLQJWRDTXDGUXSOLQJRIRLOSULFHVLQ
YHU\VKRUWRUGHU
7KH0)RQWRZEHKLQGD&RYHU5RJHUV'U\
/DNH7KHÀUVWOLIWLQJERG\LWZDVEXLOWRIZRRGZLWK
DVWHHO LQWHUQDO WUXVV WKDWKHOGDQHMHFWLRQVHDWDQG
ODQGLQJ JHDU&OHDUO\ YLVLEOH IURP WKLV DQJOH LV WKH
YHKLFOH·VEOXQWEDVHZKLFKKDGDQ/'UDWLRRI
1$6$     (
ZLWKUDQGRPLGHDV)RUDQRWKHUUHFHQWIXHOVKRUWDJHV
DQGSULFHLQFUHDVHVPDGHWKHUHVXOWVUHOHYDQWZKHUHDV
HDUOLHUZRUNVKDGQRVLPLODUXQGHUFXUUHQW
7KHWUXFNLQJLQGXVWU\DWZKLFKQHDUO\DOOWKHHIIRUWV
RI WKHVZHUHDLPHGVHHPHG LQGLIIHUHQW WR WKH
VHDUFKHVIRUJUHDWHUIXHOHIÀFLHQF\VLQFHWKHLQGXVWU\
´GLGQRWFRQVLGHUWKHIXHOVDYLQJVE\WKHVHPRGLÀFD
WLRQV VLJQLÀFDQW7KH VXJJHVWHG GHYLFHVZHUH QRW
FRQVLGHUHGSUDFWLFDOµZURWH9LQFHQW0XLUKHDG DQG
(G6DOW]PDQLQDQDUWLFOHIRUWKH-RXUQDORI(QHUJ\
/RRNLQJEDFNDWWKHSDWHQWVRIWKHSHULRGVNHSWLFLVPLV
DUHDVRQDEOHVHQWLPHQWIRUZKLOHWKHSURSRVHGVKDSHV
DSSHDUHGSRWHQWLDOO\ EHQHÀFLDO WKH LGHDV RQZKLFK
WKH\ZHUHEDVHGKDGOLWWOHJURXQGLQJLQDHURG\QDPLFV
DQGDOPRVWQRHPSLULFDOHYLGHQFHWREDFNWKHFODLPV
LQYHQWRUVPDGHIRUWKHP0RUHRYHUVRORQJDVIXHO
SULFHVUHPDLQHGORZIHZVHHPHGLQWHUHVWHGLQZKDW
WKHVHPRGLÀFDWLRQVPLJKW RIIHU ,QVWHDG WKH ULVLQJ
DHURG\QDPLF GUDJ DVVRFLDWHGZLWK LQFUHDVLQJ WUXFN
VSHHGV´ZDVPHUHO\RYHUFRPHE\PRUHSRZHUIXOHQ
JLQHVµDWLPHWHVWHGVROXWLRQ$VKRUVHSRZHUFOLPEHG
VRWRRGLGIXHOFRQVXPSWLRQEXWWUXFNLQJÀUPVDQG
RZQHURSHUDWRUVGLGQRWVHHPWRPLQGIXHOZDVFKHDS
$HURG\QDPLFDOO\ VSHDNLQJ WKH VKDSH RI D WUXFN
ZLOOQRWPDWWHUVLJQLÀFDQWO\XQWLOLWFDQUHDFKDFHUWDLQ
VSHHG)RUPXFKRIWKHHDUO\WZHQWLHWKFHQWXU\WUXFN
PDQXIDFWXUHUV VRXJKW HQRXJK SRZHU WRPDWFK WKH
JURZLQJ ORDGV RI WKH WUXFNV WKH WUXFNV WKHPVHOYHV
ZHUHQ·WFDSDEOHRIVSHHGVDWZKLFKDHURG\QDPLFVEH
FDPHDIDFWRU,WZDVRQO\ZKHQWUXFNVZHUHSRZHUIXO
HQRXJKWRSXOOWKHLUIXOOORDGDQGH[FHHGDFHUWDLQVSHHG
WKDWWKHLUVKDSHEHFDPHDQLVVXH$SDUDOOHOH[LVWVLQ
DYLDWLRQUHWUDFWDEOHODQGLQJJHDUGRHVQRWPDWWHUPXFK
RQDLUSODQHVÁ\LQJVORZHUWKDQPSK$GGLQJVXFK
JHDUPDUJLQDOO\ UHGXFHVGUDJRQ DQ DLUSODQHEHORZ
WKDWVSHHGEXWLWDOVRDGGVZHLJKWDQGFRPSOH[LW\DV
DUHVXOWWKHUHLVQRQHWJDLQ2QO\ZKHQFURVVLQJWKLV
DSSUR[LPDWHVSHHGWKUHVKROGGRHVWKHQHWDHURG\QDPLF
JDLQRIUHWUDFWDEOHODQGLQJJHDURXWZHLJKWKHFRVW
,WZRXOGWDNHDQRXWVLGHIRUFHWRVKLIWWKLQNLQJZLWKLQ
WKHWUXFNLQJLQGXVWU\DQGWKDWIRUFHFDPHLQZLWK
WKHÀUVWQRQZDUUHODWHGIXHOFUXQFKRI WKHQDWLRQ·V
KLVWRU\(QWHU6DOW]PDQDQGWKHVPDOOJURXSRI1$6$
HQJLQHHUVDWWKH)5&LQWKHIDOORIWKDW\HDUFRQVFLRXV
RIWKHIXHOFULVLVJULSSLQJWKHFRXQWU\DQGPRVWLP
SRUWDQWVHQVLWLYH WR WKH LPSDFWRIDHURG\QDPLFVRQ
PRYLQJYHKLFOHVSDUWLFXODUO\EOXQWO\VKDSHGRQHV
7KH)RXQGDWLRQ
,QWKHHDUO\VWKH)OLJKW5HVHDUFK&HQWHUEHJDQ
WHVWLQJ WKHÀUVW IXOOVFDOH OLIWLQJ ERG\ WKH0)
&RQFHLYHGWRRIIHUDQDOWHUQDWLYHWREDOOLVWLFFDSVXOH
DWPRVSKHULFHQWU\ IURPVSDFH D OLIWLQJERG\ LVGH
VLJQHGWRJOLGHWRDODQGLQJRQFHLQVLGHWKHDWPRVSKHUH
 Eddies and Currents
0UHIHUUHGWR´PDQQHGµDQG)UHIHUUHGWR´ÁLJKWµYHUVLRQDVRSSRVHGWRDZLQGWXQQHOPRGHOKHQFHWKH0)ZDVWKHVHFRQGPDQ
UDWHGGHVLJQEXWWKHÀUVWWREHEXLOWIRUDFWXDOÁLJKW)RUPRUHRQWKHOLIWLQJERG\SURJUDPVHH5'DOH5HHGZLWK'DUOHQH/LVWHU:LQJOHVV
)OLJKW7KH/LIWLQJ%RG\6WRU\/H[LQJWRQWKH8QLYHUVLW\RI.HQWXFN\3UHVV
7KHRQO\OLIWLQJERG\WRKDYHH[LWHGDQGHQWHUHG(DUWKҋVDWPRVSKHUHZDVWKH;35,0(EXLOWDVDPDQHXYHULQJUHHQWU\WHVWYHKLFOH
7KHÀUVWYHKLFOHZDVODXQFKHGRQWKHWRSRIDQ$WODVURFNHWIURP9DQGHQEHUJ$LU)RUFH%DVHRQ'HFHPEHU,WZDVORVWGXULQJ
UHHQWU\LQWKH3DFLÀF2FHDQ2IWKHWKUHH;VRQO\RQHZDVUHFRYHUHGLQÁLJKWZKLOHVXVSHQGHGIURPLWVSDUDFKXWHVWULQJHUVDV
SODQQHG7KHOLIWLQJERGLHVUHIHUUHGWRLQWKLVPDQXVFULSWZHUHGHVLJQHGWRH[SORUHDQGYDOLGDWHWKLVSRVVLELOLW\7KHKLJKHVWDQGIDVWHVW
OLIWLQJERG\WKH+/PDQDJHG0DFKDQGIHHWDOWLWXGHRQWZRVHSDUDWHÁLJKWV7KH;RQWKHRWKHUKDQGÁHZWLPHV
RIWKHVHÁLJKWVWRVSDFHDQGEDFN
7KH1RUWKURS+/VHHQIURPWKHUHDUEHIRUHWKH
URFNHWPRWRUKDGEHHQLQVWDOOHGEHQHDWKWKHFHQWHU
YHUWLFDO VWDELOL]HU 7KLV DQJOH LOOXVWUDWHV WKH EOXQW
EDVHVRW\SLFDORIOLIWLQJERGLHVEXWGRHVQRWUHYHDO
WKHDPRXQWRILQFUHDVHGGUDJSURGXFHGZKHQFRQWURO
VXUIDFHVDUHGHSOR\HGRQGHVFHQWUHHQWU\,QWKDW
HYHQW LQERDUG DQG RXWERDUG VXUIDFHV RI DOO WKUHH
YHUWLFDO VXUIDFHV GHSOR\ DV GR WKH WRS DQG ERWWRP
´ÁDSVµRQWKHERG\GUDPDWLFDOO\LQFUHDVLQJGUDJ
1$6$     (&1
7KH EDFN HQG RI WKH1RUWKURS0) KLJKOLJKWLQJ
WKHEOXQWDIWHQGDQGWKHURFNHWQR]]OHV
1$6$     (
UDWKHUWKDQÁRDWEDFNWR(DUWKEHQHDWKDSDUDFKXWH
2YHUWKHVSDQRIWKDWGHFDGHWKH)5&ÁHZDVHULHV
RIOLIWLQJERGLHVWRH[SORUHWKHFRQFHSW/LIWLQJERG
LHV EXLOW LQ WKH IROORZRQ VHULHVZHUH FRQVLGHUDEO\
KHDYLHUWKDQWKH0)DQGFDUULHGDURFNHWPRWRU
WRSURYLGHDGGHGVSHHGDQGDOWLWXGHGXULQJÁLJKWWKH
EHWWHU WRPLPLF D UHWXUQ IURP VSDFH7KHLU VKDSHV
YDULHGVOLJKWO\ZLWKHDFKVXFFHVVLYHPRGHOEXWRQH
IHDWXUHUHPDLQHGFRQVWDQWDEOXQWDIWHQG7KLVZDV
RQHRIWKHIHZFKDUDFWHULVWLFVFRPPRQWRWKHOLIWLQJ
ERGLHVDQGHDUOLHUJHQHUDWLRQVRIURFNHWSODQHV&RQ
VHTXHQWO\WKHDHURG\QDPLFVRIYHKLFOHV·EOXQWDIWHQGV
ZDV VRPHWKLQJ6DOW]PDQ DQGRWKHU)5&HQJLQHHUV
NQHZTXLWHDELWDERXW
$VH[RDWPRVSKHULFYHKLFOHVERWKWKHOLIWLQJERGLHV
DQGWKH;VZHUHGHVLJQHGWRÁ\DWOHDVWDSRUWLRQRI
WKHLUGHVFHQWDWK\SHUVRQLFVSHHGVDQGLQERWKFDVHV
D GHÀQLQJ FKDUDFWHULVWLF RI WKHVH DLUFUDIWZDV WKHLU
EOXQWDIWHQG7KHUHDVRQIRUWKHDEUXSWDIWHQGLQ
DGGLWLRQWRWKHDUHDRIWKHURFNHWQR]]OHOLHVLQWKH
LQFUHDVHGVWDELOLW\SURYLGHGE\WKHKLJKGUDJRIVXFK
DVKDSH7KH;·VYHUWLFDOVWDELOL]HUVIRULQVWDQFH
ZHUHZHGJHVKDSHGVRWKDWWKHLUEOXQWEDVHVJHQHUDWHG
ODWHUDOVWDELOLW\DWNH\VSHHGV,QWKHFDVHRIWKHOLIW
LQJERGLHV·EOXQWDIWHQGEURXJKWVWDELOLW\WRDLUFUDIW
WKDWRIWHQKDGPDUJLQDOÁ\LQJTXDOLWLHV7KHGUDJWKDW
FDPHZLWKWKLVZRXOGLQWKHRU\VORZWKHOLIWLQJERG\
HQDEOLQJLWWRQHJRWLDWHDWPRVSKHULFHQWU\IURPRUELW
ZLWKRXWVSHFLDOPDWHULDOVDQGZLWKRXWEXUQLQJXS
7KLV SKRWR RI WKH 1RUWK $PHULFDQ $YLDWLRQ ;
VKRZVWKHDLUFUDIW·VEOXQWDIWHQGDUHVXOWRIWKHWZR
YHUWLFDOVWDELOL]HUVWKHIXVHODJH·VFLUFXPIHUHQFHDQG
WKH URFNHW HQJLQH DUHD 7KLV LV WKH DLUFUDIW·V LQLWLDO
FRQÀJXUDWLRQ EHIRUH WKH ;/5 HQJLQH KDG EHHQ
ÀWWHGWZR;/5VZHUHEHLQJXVHGLQVWHDGEXWWKH
VDPHEDVHDUHDUHPDLQHG
1$6$     (

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&XULRXVDVWRZKDWPLJKWEHGRQHWRLPSURYHWKH
DHURG\QDPLFVRI D EOXQW YHKLFOH RQ ODQG6DOW]PDQ
LQLWLDOO\ FRD[HG IHOORZ HQJLQHHU9LFWRU: ´9LFµ
+RUWRQLQWRXVLQJWKHODWWHU·VSLFNXSWUXFNIRUWKHÀUVW
H[SHULPHQWV+RUWRQOLNH6DOW]PDQKDGZRUNHGRQ
WKH0)DQGVRKDGFRQVLGHUDEOHH[SHULHQFHZLWK
EOXQWDIWHUERGLHVRIDLUFUDIWDQGKHDOVRVHUYHGDVD
ÁLJKWWHVWHQJLQHHUIRU1$6$7KHWZRPHQDVVHPEOHG
DUXGLPHQWDU\VHWRILQVWUXPHQWVWRXVHLQHVWDEOLVKLQJ
DEDVHGUDJIRU+RUWRQ·VSLFNXSVRWKDW6DOW]PDQFRXOG
DSSURDFKWKHFHQWHUGLUHFWRUZLWKDIRUPDOUHTXHVWIRU
ÀQDQFLDOVXSSRUW$IWHUFROOHFWLQJGDWDGXULQJVHYHUDO
UXQVZLWKWKHWUXFN6DOW]PDQDQG+RUWRQZHQWWR0LO
WRQ2´0LOWµ7KRPSVRQWKHQFKLHIRIUHVHDUFKSURM
HFWVDWWKHFHQWHUDQGGLUHFWRURIUHVHDUFK-RVHSK:HLO
ZLWKDPRGHVWSURSRVDOKRSLQJWRDGG7KRPSVRQ·VDQG
:HLO·VHQGRUVHPHQWVWRDSUHVHQWDWLRQIRUWKHFHQWHU
GLUHFWRU$IWHUUHDGLQJWKHSURSRVDOWRZKLFKKHJDYH
KLVIXOOVXSSRUW7KRPSVRQDSSHQGHGDQRWHGU\O\
FRPPHQWLQJ´WKHUHVXOWVRIWKLV>UHVHDUFK@VKRXOGEH
VRREYLRXVO\SURGXFWLYHWKDWLWSUREDEO\ZRQ·WJHWDS
SURYHGµ7KHTXLSQRWZLWKVWDQGLQJ/HH56FKHUHU
WKHQFHQWHUGLUHFWRUDJUHHGWRIXQGWKHSURMHFWDQG
6DOW]PDQVRRQDUUDQJHGWRXVHWKHFHQWHU·VROGPDLO
GHOLYHU\YDQDVWKHÀUVWIRUPDOWHVWEHG
7KHWHVWYHKLFOHFKRVHQZDVD)RUGSDVVHQJHUYDQ
WKDWKDGEHHQUHWLUHGIURPGHOLYHU\GXWLHVDWWKHFHQWHU
7KHVPDOOJURXSRIHQJLQHHUVJDWKHUHGE\6DOW]PDQ
IRU WKHSURMHFWEHJDQE\ÀUVW HVWDEOLVKLQJ WKHYDQ·V
EDVHOLQH GUDJ LWV WUDFWLYH DQG DHURG\QDPLF GUDJ
,GHQWLI\LQJ WKH WUDFWLYH GUDJPHDQW DFFRXQWLQJ IRU
UHVLVWDQFHLQWKHGULYHOLQHXMRLQWVZKHHOVDQGWLUHV
3UHH[LVWLQJGDWDIRUWKHIULFWLRQGUDJRIWLUHVJHQHUDWHG
SULPDULO\E\WLUHPDQXIDFWXUHUVZDVIDFWRUHGLQWRWKH
HTXDWLRQ%XWWLUHIULFWLRQFKDQJHVZLWKYHORFLW\DQG
WKLVDORQJZLWKGHWDLOVVXFKDVWLUHSUHVVXUHDQGYHKLFOH
ZHLJKW³HYHQWKHUROOLQJLQHUWLDRIWKHZKHHOV³KDG
WREHDFFRXQWHGIRU
'HVSLWHWKHH[LVWLQJGDWDHVWDEOLVKLQJWKHEDVHOLQH
GUDJRIWKHYDQXOWLPDWHO\UHTXLUHGWKDWLWDFWXDOO\EH
SXWLQPRWLRQVRHQJLQHHUVWRRNWKHYDQWRWKH(GZDUGV
6RXWK%DVHUXQZD\WKHEDVH·VÀUVWSDYHGUXQZD\WKDW
ZDVE\WKHQXVHGDOPRVWH[FOXVLYHO\E\WKH(GZDUGV
Á\LQJFOXE7KHÀUVWVWHSLQGHWHUPLQLQJWKHWUDFWLYH
GUDJZDV WR DWWDFK D ´ÀVK VFDOHµ D VLPSOH ODUJH
VSULQJORDGHGVFDOHWRWKHYDQ·VIURQWEXPSHU:LWK
WKHYDQSDUNHGRQDÁDWVXUIDFHLWVEUDNHVRIIDQGWKH
WUDQVPLVVLRQLQQHXWUDORQHRIWKHWHDPVORZO\SXOOHG
RQWKHVFDOHWRPRYHWKHYHKLFOHIRUZDUG:KDWHYHU
IRUFH LQSRXQGV UHJLVWHUHGRQ WKH VFDOH UHSUHVHQWHG
WKHWUDFWLYHGUDJRIWKHYDQ7KHUROOLQJIULFWLRQRIWKH
YDQWKHIRUFHLWWRRNWRNHHSWKHYDQLQPRWLRQZDV
 DQG OEV7KLV H[HUFLVHZDV FRQGXFWHGEHIRUH
DQGDIWHUHDFKGD\·V UXQ MXVWDVZHUHZHLJKLQJ WKH
9:+RUWRQ5&(OGJUHGJHDQG5(.OHLQ)OLJKW'HWHUPLQHG/RZ6SHHG/LIWDQG'UDJ&KDUDFWHULVWLFVRIWKH/LJKWZHLJKW0)
(GZDUGV&$1$6$71'
0HPRIURP0LOW7KRPSVRQWR(G6DOW]PDQLQWKHSHUVRQDOFROOHFWLRQRI(G6DOW]PDQ
0HPRUDQGXPWR'LUHFWRUUHJDUGLQJ´5HTXHVWIRUDSSURYDORIUHVHDUFKDQGGHYHORSPHQWSURMHFW³VWXG\WKHLQFUHDVHRIHIÀFLHQF\RI
JURXQGYHKLFOHVµIURP(-6DOW]PDQDQG550H\HU1RYHPEHU
7KHLUÀUVWH[SHULPHQWHPSOR\HG9LF+RUWRQҋVSLFNXSWUXFNZLWKDFDPSHUVKHOORQWKHEHG
7KH1$6$GHOLYHU\YDQWKDWWKHFHQWHUWXUQHGRYHUWR
6DOW]PDQDQGKLVWHDPIRUXVHLQWKHÀUVWVHWRIIRUPDO
WHVWVLQDHURG\QDPLFUHVHDUFKRQODQGYHKLFOHV
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Chapter Three
The Shoebox
 The Shoebox
YDQDQGFKHFNLQJWKHSUHVVXUHLQDOOIRXUWLUHVDOOWR
HQVXUHWKDWWKDWGD\·VGDWDKDGDFRQVLVWHQWEDVHOLQH
$Q\YDULDWLRQEHWZHHQRQHGD\·VQXPEHUVDQGDQRWK
HU·V³DGURSLQWLUHSUHVVXUHGXULQJWKHGD\·VUXQVIRU
LQVWDQFH³YRLGHGWKHGDWDIRUWKHHQWLUHGD\'HVSLWH
WKHQXPEHURIYDULDEOHVWKHÀJXUHVZHUHUHPDUNDEO\
FRQVLVWHQWDQGQRGD\·VZRUNZDVWKURZQRXWRYHUD
VXGGHQFKDQJHLQWUDFWLYHGUDJ
(VWDEOLVKLQJ DHURG\QDPLF GUDJPHDQW XVLQJ WKH
´FRDVWGRZQPHWKRGµGHVFULEHGE\6LJKDUG)+R
HUQHULQKLVERRN$HURG\QDPLF'UDJEXWLQXVHE\RWK
HUVEHIRUHHYHQKHZURWHDERXWLW7KH)5&HQJLQHHUV
KDGDOUHDG\GHYHORSHGFRQVLGHUDEOHH[SHULHQFHZLWK
WKLVPHWKRGZRUNLQJRQWKH;DQG;SURJUDPV
LQGHHGLQZRUNZLWKDQ\URFNHWDLUSODQHVLQFHERWK
DLUFUDIWZHUHSRZHUHGE\DÀQLWHDPRXQWRISURSHO
ODQWDQGRQFHWKDWZDVFRQVXPHGLQÁLJKWWKHDLUFUDIW
EHFDPHD ODUJHKHDY\JOLGHU7KRVHDLUSODQHVZHUH
WKRURXJKO\ LQVWUXPHQWHGZLWK DFFHOHURPHWHUV WKDW
PHDVXUHGGHFHOHUDWLRQZKLFKZDVWUDQVODWHGLQWRGUDJ
RQFHWKHSURSHOODQWEXUQHGRXW7KHUHVHDUFKHUVGLG
EULHÁ\DSSO\DFFHOHURPHWHUVWRWKHYDQDVDFKHFNRQ
WKH´VSHHGRPHWHUVWRSZDWFKµPHWKRG
7RGHWHUPLQHWKHWRWDOYHKLFOHGUDJDWHDPPHPEHU
VWDUWHGWKHYDQDQGDFFHOHUDWHGGRZQWKHUXQZD\WRD
SUHGHWHUPLQHGVSHHGXVXDOO\PSKWRRNWKHYDQ
RXWRIJHDUDQGFRDVWHGWRDORZVSHHGW\SLFDOO\
PSK8VLQJDVHULHVRIVWRSZDWFKHVHQJLQHHUVPHD
VXUHGKRZORQJLWWRRNIRUWKHYDQWRUHDFKVXFFHVVLYHO\
ORZHUVSHHGVPDNLQJVXUHWRFRQGXFWWKHWHVWJRLQJLQ
ERWKGLUHFWLRQVRQWKHUXQZD\WRQHJDWHZLQGHIIHFWDQG
DQ\PDWHULDOLQFOLQHLQWKHUXQZD\7KHWHDPUHSHDWHG
WKLVVHYHUDOWLPHVWRGHYHORSDQDYHUDJH%XWKRZWR
VHSDUDWHWKHDHURG\QDPLFGUDJIURPWKHWRWDOGUDJWKDW
HPHUJHGXVLQJWKHFRDVWGRZQPHWKRG".QRZLQJWKH
PHFKDQLFDOGUDJRIWKHYDQDQGDEOHWRIDFWRULQERWK
URWDWLRQDODQGLQHUWLDOIRUFHVDWSOD\WKH\ZHUHOHIWZLWK
RQO\DHURG\QDPLFGUDJ%XWWKH\UHSHDWHGWKHFRDVW
GRZQWHVWPXOWLSOHWLPHVWRHQVXUHFRQVLVWHQWGDWD
1HYHUWKHOHVV DQ[LRXV WR EH VXUH WKHLU GDWDZHUH
UHOLDEOHDQGUHSHDWDEOHWKHHQJLQHHUVDWWDFKHGDVPDOO
VTXDUHSODWHWRDVWUXFWXUHWKDWZDVLWVHOIDWWDFKHGWR
WKHYDQ·VURRIZLWKWKHÁDWVLGHIDFLQJIRUZDUG7KH
GLPHQVLRQVDQGGUDJGDWDIRUWKHSODWHDQGDWWDFKLQJ
VWUXFWXUHFDPHIURP+RHUQHUVRWKHHQJLQHHUVNQHZ
WKHDPRXQWRIDHURG\QDPLFGUDJWKH\ZHUHDGGLQJWR
WKHYDQ7KH\WKHQUDQDWHVWDQGPHDVXUHGWKHDPRXQW
RIQHZGUDJWKH\KDGLQWURGXFHGZKLFKFRUUHVSRQGHG
WRWKHLURZQSUHGLFWLRQVDQGWKHDPRXQWLQGLFDWHGE\
+RHUQHUDIWHUZKLFKWKH\ZHUHVXUHRIWKHLULQLWLDO
FDOFXODWLRQV7KLV WKHQVHUYHGDV WKHEDVHOLQHGUDJ
RIWKHXQDGXOWHUDWHGYDQWKURXJKRXWWKHH[SHULPHQWV
$WWKLVSRLQWWKHYDQZDVWDNHQWRWKHFHQWHU·VVKRS
ZKHUHPHFKDQLFVEHJDQZRUNRQLW)ROORZLQJHQJL
QHHULQJGUDZLQJVWKHPHFKDQLFVEXLOWDQDOXPLQXP
IUDPH DURXQG WKH YHKLFOH DQG DWWDFKHG DOXPLQXP
VKHHWVWRWKHIUDPHZRUN:KHUHWKHZLQGVKLHOGGULYHU
DQGSDVVHQJHUVLGHZLQGRZVZHUHWKH\DIÀ[HGVKHHWV
RI3OH[LJODV$QGWKH\DWWDFKHGORXYHUV WR WKHIURQW
RIWKHYDQWKDWFRXOGEHRSHUDWHGIURPZLWKLQZKLFK
DOORZHGRUSUHYHQWHGDLUÁRZGLUHFWO\WRWKHUDGLDWRU
7KHORXYHUVZHUHRSHQHGZKHQWKHYDQZDVLQQRUPDO
RSHUDWLRQEXW DOZD\V FORVHGGXULQJ WKH FRDVWGRZQ
LQWHUYDOV,QWKHQHZYDQ·VÀUVWFRQÀJXUDWLRQDOOWKH
HGJHV IRUPHG DQJOHV DQG LW ODFNHGPLUURUV DQG
OLJKWVRIDQ\NLQG7KHYDQQRZ UHVHPEOHGDQDOX
PLQXPVKRHER[RQZKHHOVDQGZDVVRRQJLYHQWKLV
PRQLNHUE\SURMHFWPHPEHUV
7KHVHVDPHWHVWVLQFOXGLQJWKH´ÀVKVFDOHµWHVWZHUHFRQGXFWHGRQWKHFDERYHUHQJLQHWUXFNVDVZHOORQFHWKHJURXSEHJDQWHVWLQJ
YHKLFOHVRIWKDWVL]H
6LJKDUG)+RHUQHU$HURG\QDPLF'UDJ3UDFWLFDO'DWDRQ$HURG\QDPLF'UDJ(YDOXDWHGDQG3UHVHQWHGE\6LJKDUG)+RHUQHU0LGODQG
3DUN1-+RHUQHUPHWKRGLFDOO\HVWDEOLVKHGGUDJFRHIILFLHQWVIRUYDULRXVVKDSHVDQGVL]HVRIREMHFWVIURPIODWSODWHVWRURXQG
REMHFWV,WLVSRVVLEOHWRH[WUDSRODWHGUDJGDWDVLPSO\E\XVLQJKLVWDEOHVEXWLWZDVDOVRQHFHVVDU\IRUWHDPPHPEHUVWRDVVHPEOHDG
GLWLRQDOGDWDRQUROOLQJGUDJLQRUGHUWRGHYHORSDFRPSOHWHSLFWXUHDERXWWKHER[YDQ
)RUPRUHGHWDLORQGHYHORSLQJWKHWHVWVVHH(GZLQ-6DOW]PDQDQG5REHUW50H\HU-U'UDJ5HGXFWLRQ2EWDLQHGE\5RXQGLQJ
9HUWLFDO&RUQHUVRQD%R[6KDSHG*URXQG9HKLFOH(GZDUGV&$1$6$70;(GZLQ-6DOW]PDQ5REHUW50H\HUDQG
'DYLG)/X['UDJ5HGXFWLRQ2EWDLQHGE\0RGLI\LQJD%R[6KDSHG*URXQG9HKLFOH(GZDUGV&$1$6$70;DQGDOVR
/DZUHQFH&0RQWR\DDQG/RXLV/6WHHUV$HURG\QDPLF'UDJ5HGXFWLRQ7HVWVRQD)XOO6FDOH7UDFWRU7UDLOHU&RPELQDWLRQZLWK6HYHUDO
$GG2Q'HYLFHV(GZDUGV&$1$6$70;
6DOW]PDQWR*HO]HUQRWHVRQPDQXVFULSWGUDIW6HHDOVR6DOW]PDQDQG0H\HU'UDJ5HGXFWLRQ2EWDLQHGE\5RXQGLQJ9HUWLFDO&RUQHUV
RQD%R[6KDSHG*URXQG9HKLFOH7KHYDQKDGDPDQXDOWKUHHVSHHGWUDQVPLVVLRQWKDWZDVSODFHGLQQHXWUDOIRUWKHFRDVWGRZQWHVWV
$WWKDWSRLQWWKHWUDFWLYHGUDJFRQVLVWHGRIJHDUUHVLVWDQFHGRZQWKHGULYHOLQHWRWKHGLIIHUHQWLDODQGD[OHWLUHVEHDULQJVFRPELQHGZLWK
URWDWLRQDOLQHUWLD  
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7KHHQJLQHHUVVHWDERXWUXQQLQJWHVWVRIWKHVTXDUH
FRUQHUHG6KRHER[XVLQJWKHFRDVWGRZQPHWKRG7R
WKHVHWRIVWRSZDWFKHVXVHGWRGHWHUPLQHWKHOHQJWK
RIWLPHQHHGHGIRUWKHYDQWRGHFHOHUDWHWKH\DGGHG
DQDFFHOHURPHWHUDQGDUHFRUGLQJRVFLOORJUDSKDVD
IXQFWLRQDODVZHOODVDEDFNXSGDWDGHYLFH7KHÀUVW
WHVWVRIWKHPRGLÀHGYDQFRPSOHWHDQGGDWDLQKDQG
HQJLQHHUV VHQW WKH 6KRHER[ EDFN WR WKH VKRS IRU
IXUWKHUPRGLÀFDWLRQ7KLV WLPH WHFKQLFLDQV URXQGHG
WKHYHUWLFDOHGJHVDVZHOODVDOOIRXUYHUWLFDOFRUQHUV
$JDLQWKH\WRRNWKHYDQRXWIRUFRDVWGRZQWHVWVRQ
WKH6RXWK%DVHUXQZD\7KHFRQWUDVWEHWZHHQWKHWZR
FRQÀJXUDWLRQVZDVH\HRSHQLQJ$WPSKWKH6KRH
ER[ZLWKURXQGHGFRUQHUVKDGWKHVDPHDHURG\QDPLF
GUDJDVGLGWKHVTXDUHFRUQHUHG6KRHER[DWPSK
$VHFRQGWHVWVKRZHGWKDWWKHURXQGHGFRUQHU6KRH
ER[KDGWKHVDPHDHURG\QDPLFGUDJDWPSKDVWKH
VTXDUHFRUQHUHG6KRHER[KDGDWPSK7KHWHDP·V
FRDVWGRZQPHDVXUHPHQWVEHFDPHPRUHUHÀQHGLQWKH
SURFHVVQRZDVPDQ\DVVL[VWRSZDWFKHVZHUHRSHU
DWHGE\WKHSDVVHQJHULQWKHYDQWRPHDVXUHWKHWLPH
LQWHUYDOVQHHGHGIRU WKHYDQ WRGHFHOHUDWH LQPSK
LQFUHPHQWV(DFKGD\WKHWHDPWRZHGWKHYDQWRWKH
EDVHVFDOHVEHIRUHHDFKUXQJHWWLQJRIÀFLDOZHLJKWVIRU
HDFKWULSWKHQSDVVHGWKURXJKWKHVFDOHVDJDLQRQWKH
ZD\EDFNWRWKHFHQWHUDIWHUWKHGD\·VUXQV%\WKH
WLPHWKHLUUHVHDUFKSURMHFWZDVFRPSOHWH6DOW]PDQ·V
WHDPKDG EHFRPH WKH VFDOHV· EHVW FXVWRPHU7HVWV
OHG WR QHZPRGLÀFDWLRQV IROORZHG E\PRUH WHVWV
IROORZHGE\PRUHPRGLÀFDWLRQV7KHQRQFHWKHWHDP
KDGÀQLVKHGPRGLI\LQJWKHYDQ·VH[WHULRUVKDSHWKH\
PRYHGWRWKHXQGHUERG\VHDOLQJLWHQWLUHO\LQFOXGLQJ
WKHZKHHOZHOOV5RXQGLQJ DOO IRXU YHUWLFDO HGJHV
DQGFRUQHUV\LHOGHGDUHGXFWLRQLQDHURG\QDPLFGUDJ
RISHUFHQWZKLOHVHDOLQJWKHERWWRPRIWKHYHKLFOH
UHGXFHGGUDJDQRWKHUSHUFHQWIRUDFXPXODWLYH
SHUFHQW UHGXFWLRQ LQ DHURG\QDPLFGUDJRYHU WKDWRI
WKH6KRHER[·VRULJLQDOFRQÀJXUDWLRQ$VDPHDVXUH
)ROORZLQJ WKH FDOFXODWLRQ RI WUDFWLYH GUDJ FHQWHU
UHVHDUFKHUVDWWDFKHGWKLVÀ[WXUHWKHDHURG\QDPLFGUDJ
RIZKLFK6LJKDUG+RHUQHUKDGDOUHDG\GHWHUPLQHGWR
WKHYDQLQDQHIIRUWWRYDOLGDWHWKHLUSUHGLFWLRQVIRUWKH
YDQ·VDHURG\QDPLFGUDJ,WZDVUHPRYHGDIWHUWKLVORQH
WHVWKDYLQJSURYHGWKHSUHGLFWLRQVFRUUHFW
1$6$     (
7KH)RUGPDLOGHOLYHU\YDQZLWKLWVLQLWLDOVXEVWUXFWXUH
DWWDFKHG7RWKLVWKHIDEULFDWLRQVKRSDWWDFKHGVKHHW
DOXPLQXP
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6DOW]PDQDQG0H\HU'UDJ5HGXFWLRQ2EWDLQHGE\5RXQGLQJ9HUWLFDO&RUQHUVRQD%R[6KDSHG*URXQG9HKLFOH
,ELG
/DFNLQJPLUURUVRUOLJKWVRIDQ\NLQGWKH6KRHER[FRXOGQRWEHGULYHQRQHYHQWKHEDVHURDGV
6DOW]PDQ0H\HUDQG/X['UDJ5HGXFWLRQ2EWDLQHGE\0RGLI\LQJD%R[6KDSHG*URXQG9HKLFOHSDVVLP
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RIKRZVPDOOFKDQJHVFDQPDNHELJGLIIHUHQFHVQRW
URXQGLQJWKHUHDUFRUQHUVFRVWSHUFHQWLQGUDJUHGXF
WLRQ7KHHQJLQHHUVHVWLPDWHG WKHSRWHQWLDOJDLQ LQ
IXHOHFRQRP\IRUWKHDHURG\QDPLFLPSURYHPHQWVWR
7KHLPDJHDWOHIWVKRZVWKHXQGHUERG\RIWKH6KRHER[LQLWVVWRFNFRQÀJXUDWLRQ7KHLPDJHDWULJKWVKRZVWKH
VDPHXQGHUVLGHDIWHULWKDGEHHQVHDOHG7KLVPRGLÀFDWLRQDORQHLQFOXGLQJVHDOLQJWKHZKHHOZHOOVUHGXFHG
DHURG\QDPLFGUDJE\SHUFHQW
1$6$          ((
,ELGDOVR5DQGDOO/3HWHUVHQ'UDJ5HGXFWLRQ2EWDLQHGE\WKH$GGLWLRQRID%RDWWDLOWRD%R[6KDSHG9HKLFOH(GZDUGV&$1$6$
&5$XJXVW
EHEHWZHHQDQGSHUFHQWDWKLJKZD\VSHHGVDQG
IRUYHU\OLWWOHORVVRILQWHUQDOYROXPH
3HUKDSVMXVWDVVLJQLÀFDQWDVWKHUDZGDWDZDVWKLV
LQLWVRULJLQDOFRQÀJXUDWLRQWKH6KRHER[´KDGDVLJ
$VWKHWXIWVRI\DUQPDNHFOHDUDSSO\LQJDUDGLXVWRDOOFRUQHUVRIWKH6KRHER[IURQWDQGEDFNVPRRWKHVDLUÁRZ
1$6$          (

6DOW]PDQ0H\HUDQG/X['UDJ5HGXFWLRQ2EWDLQHGE\0RGLI\LQJD%R[6KDSHG*URXQG9HKLFOH
-RKQ$OOHQD%ULWLVKDHURG\QDPLFLVWUHFRXQWHGFKDQJHVWKH9RONVZDJHQ&RPSDQ\PDGHWRLWVLQLWLDO.RPELPLQLEXVLQWKHHDUO\V
´7KHRULJLQDOGHVLJQKDGVKDUSIURQWHGJHVDQGWXIWVDORQJWKHVLGHVVKRZHGWKHÁRZFRPSOHWHO\EURNHQDZD\DQGWXUEXOHQW(YHQTXLWH
PRGHVWURXQGLQJRIDOOWKHIURQWHGJHVDQGFRUQHUVVWUHDPOLQHGWKHDLUÁRZDQGUHGXFHGGUDJE\7KHIXHOVDYLQJRQDOO9RONVZD
JHQEXVHVLQVHUYLFHDWWKLVWLPHFRUUHVSRQGVWRWRQVSHUDQQXPµ-RKQ($OOHQ$HURG\QDPLFV7KH6FLHQFHRI$LULQ0RWLRQ
/RQGRQ+XWFKLQVRQ	&R/WGQGHG*UDQDGD3XEOLVKLQJ5HVHDUFKHUVDWWKH)5&NQHZRIWKLVZRUNEXWFKRVHWR
SURFHHGIRUVHYHUDOUHDVRQV)LUVWWKH\ZDQWHGWRYDU\RWKHUDHURG\QDPLFIDFWRUVVXFKDVZDVDFFRPSOLVKHGE\VHDOLQJWKHXQGHUVLGH
RIWKHYHKLFOHVHFRQGWKH\EHOLHYHGWKDW1$6$SXEOLFDWLRQVZRXOGEHPRUHIDUUHDFKLQJDQGWKLUGWKH\ZDQWHGWRH[SHULPHQWRQUHDO
YHKLFOHVUDWKHUWKDQRQZLQGWXQQHOPRGHOV
QLÀFDQWO\KLJKHUGUDJFRHIÀFLHQWWKDQJHQHUDOO\VLPLODU
VPDOOVFDOHPRGHOVµXVHGLQZLQGWXQQHOV7KHWHDP
DWWULEXWHG WKLV WR WKH XQGHUERG\SURWXEHUDQFHV WKDW
ZHUHQRWUHSURGXFHGRQWKHPRGHOV7KHLPSRUWDQFH
RIWKLVUHPDUNDOPRVWORVWLQWKHFRQFOXVLRQ·VPRXQG
RIGUDJUHGXFWLRQÀJXUHV WKDWZHUH WKHIRFXVRI WKH
UHSRUWZRXOGEHFRPHHYLGHQWEDUHO\D\HDUODWHUZKHQ
WKHWUXFNLQJLQGXVWU\EHJDQWRSD\FORVHDWWHQWLRQWR
WKHFHQWHU·VUHVHDUFKRQWUXFNGUDJUHGXFWLRQ
7KHUHDUHWZRUHDVRQVZK\WKHFRUUHODWLRQEHWZHHQ
DHURG\QDPLFGUDJUHGXFWLRQDQGIXHOJDLQVIRUDUROOLQJ
YHKLFOHGRHVQRWFRQVWLWXWHDRQHWRRQHUDWLR)LUVW
WRWDOGUDJLVDIXQFWLRQRIPXOWLSOHIDFWRUVRQO\RQH
RIZKLFK³DHURG\QDPLFGUDJ³FDQEHFRQWUROOHGE\
UHVKDSLQJWKHYHKLFOH6HFRQGEHFDXVHRIIULFWLRQDQG
SUHVVXUH WKHIDVWHUDQREMHFWPRYHVWKURXJKDÁXLG
WKHPRUHGUDJLWJHQHUDWHV7KRXJKYHORFLW\LQFUHDVHV
OLQHDUO\GUDJZKLFKLVDIXQFWLRQRIYHORFLW\9JRHV
XSE\WKHVTXDUHRIWKHYHORFLW\LQFUHDVH9*RLQJ
IURPPSKWRPSKLVDQSHUFHQWLQFUHDVHLQ
VSHHGEXWWKHDHURG\QDPLFGUDJMXPSVE\SHUFHQW
IRUWKDWVDPHLQFUHDVH%XWWKDW·VQRWWKHZRUVWRILW
WKHSRZHU WRRYHUFRPH WKDW MXPS LQGUDJ LQFUHDVHV
E\WKHFXEHRIYHORFLW\RU9,QWKHFDVHRIWUDFWRU
WUDLOHUVURXJKO\KDOIWKHWUXFN·VKRUVHSRZHULVQHHGHG
VLPSO\WRRYHUFRPHDHURG\QDPLFGUDJZKHQWUDYHOLQJ
DWPSK
7KHHQJLQHHUVZHUHQRWGLVPD\HGE\DQ\RI WKLV
KRZHYHU LQ SDUW EHFDXVH WKH\ NQHZ IXOOZHOO WKH
GLVSDULW\EHWZHHQUHGXFWLRQLQDHURG\QDPLFGUDJDQG
UHGXFWLRQLQIXHOFRQVXPSWLRQ0RUHWRWKHSRLQWWKH
6KRHER[ZDVRQO\WKHVWDUWLQJSRLQWDSUHOLPLQDU\WHVW
EHG$IWHUDOO6DOW]PDQKDGQRWEHHQPLQJOLQJZLWK
GHOLYHU\YDQVRQKLVZD\WRZRUN


Chapter Four
Word Spreads
7KH ÀYH DIWHUPDUNHW GHYLFHV WKH 'HSDUWPHQW RI
7UDQVSRUWDWLRQFRQWUDFWHGZLWK WKH)OLJKW5HVHDUFK
&HQWHU WR WHVW RQ D WUDFWRUWUDLOHU LGHQWLÀHG E\ WKH
GDUNHQHGDUHDLQHDFKLOOXVWUDWLRQ
1$6$86'R7
(YHQEHIRUHWKHJURXSSXEOLVKHGLWVÀUVWUHSRUWRQ
WKH6KRHER[ZRUGDERXWWKHUHVHDUFKEHJDQWRULSSOH
EH\RQGWKHFHQWHU$WWKHEHJLQQLQJRIZKLOHWKH
WHDPZDVVWLOOZULWLQJLWVÀUVWUHSRUWRQWKHDHURG\QDP
LFYDQSURMHFWWKH86'HSDUWPHQWRI7UDQVSRUWDWLRQ
DSSURDFKHGWKH)OLJKW5HVHDUFK&HQWHUZLWKWKHLGHDRI
WHVWLQJWKHHIIHFWLYHQHVVRIVHYHUDODGGRQDIWHUPDUNHW
SURGXFWVWKDWFODLPHGWRLPSURYHIXHOHIÀFLHQF\IRU
ORQJKDXO WUXFNVRI WKHFDERYHUHQJLQHGHVLJQ WKH
W\SHPRVWFRPPRQLQWKDWSHULRG7KH'R7RIIHUHG
IXQGLQJWR1$6$WRWHVWÀYHGHYLFHV
)5&PDQDJHUVDFFHSWHG WKHRIIHU DQGVRRQDIWHU
HQJLQHHUVSUHSDUHGDVHULHVRIWHVWVDSSO\LQJWKHVDPH
PHWKRGVXVHGRQWKHWHVWYDQZLWKHDFKGHYLFHWREH
FDUULHGRQDWUXFNGULYLQJXSDQGGRZQWKHXQXVHGUXQ
ZD\DW6RXWK%DVHPHDVXULQJWKHGUDJUHGXFWLRQV³LI
DQ\³IRUHDFKPRGLÀFDWLRQ
7ZRRIWKHÀYHSURGXFWVKDGDOUHDG\EHHQRQWKH
PDUNHWIRUVHYHUDO\HDUV7KHÀUVWLGHQWLÀHGE\WKH
OHWWHU$LQWKHVWXG\ZDVDQ$LUVKLHOGPDGHE\WKH
5XGNLQ:\OLH&RUSRUDWLRQRI&RQQHFWLFXW%\2FWREHU
WKH$LUVKLHOGKDGEHHQDYDLODEOHIRUVL[\HDUV
DQGWKHFRPSDQ\FODLPHGWRKDYHVROGVRPH
XQLWV$OWKRXJKWKHGHYLFHKDGDIDYRUDEOHUHSXWDWLRQ
LWKDGQRWEHHQHYDOXDWHGE\DQLPSDUWLDODJHQF\VXFK
DV1$6$
7KH$LUVKLHOGFRQVLVWHGRIDURRIPRXQWHGDLUGDP
RQ WKH FDE DQG D SODWH FDOOHG WKH9RUWH[6WDELOL]HU
ZKLFKUDQSHUSHQGLFXODUWRWKHDLUGDPEXWZDVSRVL
WLRQHGEHKLQGLWÀOOLQJVRPHRIWKHJDSEHWZHHQFDE
DQGWUDLOHU,QDWUDFWRUWUDLOHUFRPELQDWLRQWKH9RUWH[
6WDELOL]HUZDVDWWDFKHGWRWKHWUDLOHU·VIURQWIDFHDQG
RQWKHVLQJOHFKDVVLVWUXFNWKHWZRZHUHDWWDFKHGVR
DVWRIRUPD´7µZLWKWKHFDEURRI
7KHRWKHUSURGXFWWKDWKDGDOVREHHQRQWKHPDUNHW
IRU VRPH WLPHFDPHIURP)LW]*HUDOG1RVH&RQHD
ÀUPLQ&DOLIRUQLDLGHQWLÀHGZLWKWKHOHWWHU&LQWKH
7KHWUDFWRUXVHGLQWKHWHVWVZDVD)UHLJKWOLQHUFDERYHUHQJLQHZLWKDVOHHSHUFRPSDUWPHQWSRZHUHGE\D&XPPLQVKS
GLHVHOHQJLQH7KHWUDFWRUSXOOHGDWZR\HDUROGIRRWWUDLOHUPDGHE\6WULFN
)HEUXDU\5HTXHVWIRU3URMHFW$SSURYDO6WDWHPHQWRI:RUNIRU-RLQW'271$6$7UXFN$HURG\QDPLF6WXG\´7KH
SURSRVHGVWXG\ZLOOSULPDULO\LQYHVWLJDWHWKHHIIHFWVRIH[LVWLQJDGGRQGHYLFHVRQWUXFNDHURG\QDPLFGUDJDQGIXHOFRQVXPSWLRQµ7KH
HQJLQHHUVVXEPLWWLQJWKHSURSRVDOZHUH/DZUHQFH&0RQWR\D/RXLV6WHHUV%UXFH3RZHUVDQG/DUU\5HDUGRQ)URPWKHSHUVRQDO
FROOHFWLRQRI(GZLQ-6DOW]PDQ
VWXG\)LW]*HUDOG1RVH&RQHKDG LWV RULJLQV LQ WKH
VZKHQLWVIRXQGHU-RVHSK)LW]*HUDOGZRUNHG
IRU&DUULHU7UDQVL&ROG D VXSSOLHU RI UHIULJHUDWLRQ
XQLWVIRUWUXFNWUDLOHUV,Q)LW]*HUDOGVXJJHVWHG
PRYLQJ WKH HYDSRUDWRU XQLW IURPZLWKLQ WKH WUDLOHU
 Word Spreads
1$6$HQJLQHHU/DZUHQFH´/DUU\µ&0RQWR\D
1$6$     (&
1RVH&RQHFRUSRUDWHKLVWRU\KWWSZZZQRVHFRQHFRPDERXWKWPDFFHVVHG-XQH
$UHFHQWDGYHUWLVHPHQWIRUWKHFRPSDQ\VKRZVDPRGHORIDVPDOOWUDLOHULQDZLQGWXQQHORIVRUWV,QWKHDGDVZLQGLQFUHDVHVRQWKH
IURQWRIWKHWUDLOHUWKHWUDLOHUVOLGHVLQH[RUDEO\EDFNZDUGRQO\WREHSXVKHGIRUZDUGE\DKDQGWKDWVXGGHQO\DSSHDUV2QFHUHOHDVHG
WKHWUDLOHUJUDGXDOO\VOLGHVEDFNZDUGDJDLQLQWKHZLQG2QFHWKHVDPHWUDLOHULVRXWÀWWHGZLWKD1RVH&RQHIDLULQJDQGSODFHGLQWKHZLQG
WXQQHOXQGHUWKHVDPHFRQGLWLRQVLWVLWVÀUPO\DQGGRHVQRWPRYHKWWSZZZQRVHFRQHFRPDHSXOOKWPDFFHVVHG'HFHPEHU
7KHWKUHHRWKHUSURGXFWVWHVWHGZHUH$LUÁR$LUYDQHDQG$HURYDQHPDGHE\WKH$LUÁRZ&RPSDQ\6\VWHPV6FLHQFHDQG6RIWZDUH
DQG$HUR9DQUHVSHFWLYHO\
/DZUHQFH&0RQWR\DDQG/RXLV/6WHHUV6WXG\RI$HURG\QDPLF'UDJ5HGXFWLRQRQD)XOO6FDOH7UDFWRU7UDLOHU&RPELQDWLRQZLWK
6HYHUDO$GG2Q'HYLFHV(GZDUGV&$1$6$70;$YHUVLRQRIWKLVSDSHUZDVSUHVHQWHGLQDWD6RFLHW\IRU
$XWRPRWLYH(QJLQHHULQJPHHWLQJDQGSXEOLVKHGLQWKHSURFHHGLQJV6HH6RFLHW\RI$XWRPRWLYH(QJLQHHUV:DUUHQGDOH3$
6RFLHW\RI$XWRPRWLYH(QJLQHHUV1$6$70;ZDVZLWKWKHDGGLWLRQRIIXUWKHULQIRUPDWLRQGHULYHGIURPVXEVHTXHQWWHVWLQJ
DOVRSXEOLVKHGE\WKH'HSDUWPHQWRI7UDQVSRUWDWLRQLQ6HH//6WHHUVDQG/&0RQWR\D6WXG\RI$HURG\QDPLF'UDJ5HGXFWLRQ
RQD)XOO6FDOH7UDFWRU7UDLOHU5HSRUW1R'2776&267:DVKLQJWRQ'&86'HSDUWPHQWRI7UDQVSRUWDWLRQ$SULO
1$6$HQJLQHHU/RXLV/6WHHUV
1$6$    (&
WR WKHQRVHRI WKH WUDLOHU WRSURYLGHPRUH URRP IRU
FDUJR7KHFRPSDQ\GLGVRDQGGULYHUVQRWLFHGWKDW
WKHQHZO\FRQÀJXUHGXQLWVZHUHHDVLHUWRGULYHDQG
EXUQHGOHVVIXHOWKDQWKHSUHYLRXVO\FRQÀJXUHGRQHV
)LW]*HUDOGDVFULEHGWKLVFRUUHFWO\WRWKHUHORFDWHGUH
IULJHUDWLRQXQLWZKLFKLQLWVQHZSRVLWLRQRQWKHQRVH
RIWKHWUDLOHUERWKLPSURYHGWKHGUDJFKDUDFWHULVWLFV
RIWKHWUDLOHUDQGQDUURZHGWKHJDSEHWZHHQFDEDQG
WUDLOHUVHUYLQJWRUHGXFHFURVVZLQGLQÁXHQFHVRQWKH
FRPELQDWLRQ%\)LW]*HUDOGKDGVWDUWHGKLVRZQ
FRPSDQ\WRPDUNHWEOXQWVOLJKWO\URXQGHGSRGVWKDW
DWWDFKHGWRWKHER[RIWKHWUDLOHUMXVWDERYHWKHFDEURRI
LQFDVHWKHWUXFNZDVQRWDUHIULJHUDWHGXQLW7KHÀUP
RIIHUHGWKHSRGVWRVKRUWDQGORQJKDXOWUXFNHUVDQG
IUHLJKWFRPSDQLHVDOLNHSURPLVLQJLPSURYHPHQWVLQ
IXHOPLOHDJH7KHFRPSDQ\FRQWLQXHVLQRSHUDWLRQDV
RIWKLVERRN·VSULQWLQJ
7KHUHPDLQLQJGHYLFHV)5&HQJLQHHUVWHVWHGDQG
WKHFRUUHVSRQGLQJOHWWHUVXVHGWRUHSUHVHQWWKHPLQWKH
VWXG\FRQVLVWHGRIDVPDOOSORZOLNHURRIPRXQWHG
DLUGDP%DQDLUGDPWKDWDFWXDOO\KDGVLGHSDQHOV
WRKHOSVHDOWKHDUHDEHWZHHQWKHFDEDQGWUDLOHU(
DQGD ORXYHUDWWDFKHG WR WKH WUDLOHU·V WRSIURQWHGJH
'7KLVORXYHUUHVHPEOHGD+DQGOH\3DJHDXWRPDWLF
ZLQJOHDGLQJHGJHKLJKOLIWVODWZKLFKZDVPHDQWWR
FDSWXUHDQGUHGLUHFWDLUÁRZRYHUDZLQJ8QOLNHWKH
+3VODWWKDWGHSOR\HGIRUZDUGRIWKHZLQJRUUHWUDFWHG
ÁXVKZLWKWKHZLQJGHSHQGLQJRQWKHDLUFUDIW·VDQJOH
RIDWWDFNKHQFHWKHGHYLFH·VDXWRPDWLFQDWXUHDUWLFOH
'ZDVQRQPRYLQJ
$SSO\LQJ WKH VDPH WHFKQLTXHV WKH\ KDG RQ WKH
6KRHER[6DOW]PDQ/DZUHQFH0RQWR\D DQG/RXLV
6WHHUVFRQGXFWHGDVHULHVRIFRDVWGRZQWHVWVWRHVWDE
OLVKDEDVHOLQHGUDJIRUWKHVWDQGDUGFDERYHUHQJLQH
WUDFWRUWUDLOHUZKLFKWKH\IRXQGKDGDFRHIÀFLHQWRI
GUDJ&GRIURXJKO\7KH\WKHQUHSHDWHGWKH

VDPHWHVWVZLWKHDFKDIWHUPDUNHWGHYLFH,QRUGHUWR
DVVXUHDVPXFKRIDFRQVWDQWUROOLQJGUDJDVSRVVLEOH
ZLWK WKH WHVW YHKLFOH WKH WHDPÀOOHG WKH WLUHVZLWK
QLWURJHQ LQVWHDGRIDLUPLQLPL]LQJYDULDWLRQ LQ WKH
WLUHV·LQÁDWLRQEHFDXVHRIKHDW$VZLWKWKH6KRHER[
WHVWVRQFHGHWHUPLQHGWKH\NHSWPHFKDQLFDOGUDJD
FRQVWDQW LQRUGHU WKDWPRGLÀFDWLRQV WR WKHXQLW DS
SO\LQJWKHDGGRQGHYLFHVSURGXFHGFKDQJHVRQO\LQ
DHURG\QDPLFGUDJ
2QHRIWKHQHZWHVWVWKHJURXSSHUIRUPHGZDVWRYDU\
WKHJDSEHWZHHQWKHWUDLOHUDQGWUDFWRUIURPEHWZHHQ
DQGLQFKHVLQDQHIIRUWWRVHHZKDWHIIHFWWKLV
7KH1$6$WUDFWRUWUDLOHUFDUU\LQJYDULRXVDIWHUPDUNHWGHYLFHVLQDWHVWIRUWKH'HSDUWPHQWRI7UDQVSRUWDWLRQ
'LDWRPDFHRXVHDUWKLVEORZQWKURXJKDWXEHXSWKHFDE·VIURQWDQGUHOHDVHGEHWZHHQWKHWKUHHUXQQLQJOLJKWVDW
WKHFDE·VOHDGLQJHGJHUHYHDOLQJDLUÁRZIRUHDFKGHYLFH7KHFDEKDVDOVREHHQWXIWHGWRVKRZDLUÁRZDURXQG
LWZKLOHLQPRWLRQ7KHERWWRPLPDJHVKRZVWKHFDEZLWKDYDODQFHDSSOLHGE\WKH)5&DQGXQDYDLODEOHDVDQ
DIWHUPDUNHWLWHP
1$6$           (&
1$6$            (&
 Word Spreads
/DZUHQFH&0RQWR\DDQG/RXLV/6WHHUV´$HURG\QDPLF'UDJ5HGXFWLRQ7HVWVRQD)XOO6FDOH7UDFWRU7UDLOHU&RPELQDWLRQZLWK6HYHUDO
$GG2Q'HYLFHVµQG1$6$)OLJKW5HVHDUFK&HQWHUDQGWKH'277UDQVSRUWDWLRQ6\VWHPV&HQWHU,QFRQWUDVWWRWKHEDVHOLQH
WHVWVRIWKHXQPRGLÀHGWUDLOHUGHYLFHV$DQG%\LHOGHGWKHJUHDWHVWLPSURYHPHQWLQGUDJZLWKWKHWUDLOHUDWWKHLQFKJDSQRWWKHVPDOOHU
LQFKJDSWKDWEHVWVXLWHGWKHXQPRGLÀHGWUDLOHU7KHWUDLOHUJDSPDGHDOPRVWQRGLIIHUHQFHIRUGHYLFHV&DQG''HYLFH(HIIHFWLYHO\
HOLPLQDWHGWKHJDSDOWRJHWKHU
´7KHEULGJHIRUPXODFDOFXODWHVWKHPD[LPXPDOORZDEOHORDGWKHWRWDOJURVVZHLJKWLQSRXQGVWKDWFDQOHJDOO\EHLPSRVHGRQWKH
EULGJHE\DQ\JURXSRIWZRRUPRUHFRQVHFXWLYHD[OHVRQDYHKLFOHRUFRPELQDWLRQRIYHKLFOHV7KHEULGJHIRUPXODUHÁHFWVWKHIDFWWKDW
ORDGVFRQFHQWUDWHGRYHUDVKRUWGLVWDQFHDUHJHQHUDOO\PRUHGDPDJLQJWREULGJHVWKDQORDGVVSUHDGRYHUDORQJHUGLVWDQFH,WSURYLGHV
IRUDGGLWLRQDOJURVVZHLJKWDVWKHZKHHOEDVHOHQJWKHQVDQGWKHQXPEHURID[OHVLQFUHDVHVµKWWSWUDLQLQJFHZDVKLQJWRQHGX:6'27
0RGXOHVBGHVLJQBSDUDPHWHUVEULGJHBIRUPXODKWPDFFHVVHG'HFHPEHU6HHDOVR3DXO6FKHQFN´1HZ)RFXVRQ$LU'UDJµLQ
7UDLOHU%RG\%XLOGHUV1RYHPEHU
KDGRQHIÀFLHQF\DQGGUDJ'DWDIURPWKHXQPRGLÀHG
WUDLOHUUXQVVKRZHGWKDWWKHODUJHUWKHJDSWKHJUHDWHU
WKHGUDJ6LPSO\PRYLQJWKHWUDLOHUIRUZDUGWRQDUURZ
WKHJDSWRMXVWLQFKHVQHWWHGDSHUFHQWGURSLQ
DHURG\QDPLFGUDJZKHQWUDYHOLQJDWPSK
)LOOLQJWKHJDSEHWZHHQWUDFWRUDQGWUDLOHUPLJKWDW
ÀUVWKDYHVHHPHGDQHDV\VROXWLRQWRGUDJEXWGRLQJ
VRZDVDQGLVFRPSOLFDWHGE\QDWLRQDOWUDQVSRUWDWLRQ
ODZV0DQXIDFWXUHUVFRXOGEXQFKWKHWUDFWRUDQGWUDLOHU
PRUHFORVHO\WRJHWKHUEXW WKLVFDPHZLWKDSHQDOW\
HYHQZKLOHPDNLQJLWSRVVLEOHWRLPSURYHHIÀFLHQF\
WKHIXUWKHUDSDUWWKHWZRZHUHWKHJUHDWHUWKHSD\ORDG
FRXOGEHEHFDXVHWKHWRWDOZHLJKWFRXOGEHVSUHDGRYHU
PRUHURDGDUHD:HVW&RDVWWUXFNVW\SLFDOO\KDGWKH
ODUJHVWJDSVEHFDXVHWKH\VRXJKWWRFDUU\WKHPD[LPXP
ORDGSRVVLEOHRYHUWKHORQJHVWDQGOHVWXQLQWHUUXSWHG
KDXOV\LHOGLQJJUHDWHU HIÀFLHQF\7KH WHUP´EULGJH
7KHWKLUGLPDJHLQWKHVHTXHQFHRIWKH1$6$WUDFWRUWUDLOHUFDUU\LQJYDULRXVDIWHUPDUNHWGHYLFHVLQDWHVWIRU
WKH'HSDUWPHQWRI7UDQVSRUWDWLRQ
1$6$            (&
IRUPXODµLVXVHGWRGHVFULEHWKLVDUUDQJHPHQW
7REHWWHUXQGHUVWDQGWKHDLUÁRZDURXQGWKHWUDFWRU
DQGWUDLOHUZKLOHERWKDUHLQPRWLRQDQGVSRUWLQJWKH
GHYLFHVWKHJURXSDOVRFRQGXFWHGÁRZYLVXDOL]DWLRQ
WHVWV LQZKLFK GLDWRPDFHRXV HDUWK LQ SRZGHU IRUP
ZDVUHOHDVHGDWWKHWRSIURQWHGJHRIWKHFDE$VWKH
SRZGHUELOORZHGXSDQGDURXQGWKHIDLULQJDQGWUDLOHU
LWLOOXVWUDWHGZKHUHWKHDLUÁRZHGZKLOHWKHWUXFNGURYH
DWPSK,QWKHHQGUHVXOWVVKRZHGWKDWGHYLFH$
5XGNLQ:LOH\ \LHOGHG EHWZHHQ  SHUFHQW GUDJ
UHGXFWLRQGHYLFH'6\VWHP6FLHQFHDQG6RIWZDUH
RQO\DSHUFHQWUHGXFWLRQ'HYLFH($HUR9DQ,Q
FRUSRUDWHG·V$HURYDQHQRWRQO\GHÁHFWHGVRPHRIWKH
DLUEXWDOVRVHUYHGWRFORVHWKHJDSEHWZHHQWUDFWRUDQG
WUDLOHULW\LHOGHGDQDHURG\QDPLFGUDJUHGXFWLRQRI
SHUFHQW:KHQDFURVVZLQGZDVIDFWRUHGLQWRWKHWHVWV
WKHSHUFHQWDJHVGURSSHGEXWDQLPSURYHPHQWZDVVWLOO

7KHWZREHVWDIWHUPDUNHWGHYLFHVWREHWDNHQRXWRQ
URDGWHVWVZHUH$DQG(
1$6$86'R7   
HYLGHQWZKHQFRPSDUHGWRUDWHVZLWKDVWRFNWUDLOHU
7KHQH[WVWHSZDVWRWHVWWKHIXHOFRQVXPSWLRQRIWKH
WUDFWRUWUDLOHULQVHUYLFHFRQGLWLRQV7KHWHDPDUUDQJHG
IRUXVHRIDQRWKHUWUDFWRURIWKHVDPHW\SHDOVRZLWK
'R7IXQGLQJDQGDWUDLOHUQHDUO\LGHQWLFDOWRWKHRQH
WKH)5&WUXFNSXOOHG$VFHUWDLQLQJWKDWERWKYHKLFOHV
VKDUHGYLUWXDOO\ WKH VDPHDHURG\QDPLF DQG WUDFWLYH
GUDJ WKH FRDVWGRZQPHWKRG DQG D PLOH URDG
WHVW IRXQGRQO\ D  SHUFHQW GLIIHUHQFH EHWZHHQ WKH
WZRLQIXHOFRQVXPSWLRQWKHWHDPVHQWERWKYHKLFOHV
RXWRQWKHURDGIRUPLOHFORVHGORRSURDGWHVWV
ZLWKRQO\RQHVSRUWLQJWKHDIWHUPDUNHWGUDJUHGXFLQJ
GHYLFHV7KHWUXFNVXVHGWKHVDPHJHDUVIRULQFOLQHV
HQFRXQWHUHGRQ WKHZD\DFRRUGLQDWLRQHQDEOHGE\
UDGLRFRPPXQLFDWLRQEHWZHHQWKHGULYHUVZKRDOVR
PDWFKHGHQJLQHVWDUWVDQGVWRSVDVZHOODVWKHRSHQ
LQJDQGFORVLQJRIZLQGRZVDQGHYHQDLUYHQWV7KHUH
ZDVYHU\ OLWWOH WUDIÀFRQ WKH VHOHFWHG URXWH WKURXJK
WKH0RMDYH'HVHUWDOOEXWHOLPLQDWLQJRWKHUYHKLFOHV
DV DYDULDEOH7KH1$6$HQJLQHHUV FRPSDUHGRQO\
WKHWZRGHYLFHV$DQG(VKRZLQJWKHJUHDWHVWGUDJ
UHGXFWLRQRQWKHVHURDGWULSVDQGWRREWDLQWKHEHVW
UHVXOWVWKH\KDGWKHWUXFNVGULYHQRYHUWKHVDPHFRXUVH
WKUHHWLPHVZLWKHDFKGHYLFH,QHDFKFDVHIXHOZDV
PHDVXUHGEHIRUHORDGLQJDQGWKHQPHDVXUHGDIWHUWKH
UXQVZHLJKLQJHDFKWDQNORDGDIWHUDOORZLQJWKHWUXFNV
WRFRROGRZQIRUDQLJKWWRHOLPLQDWHGHQVLW\FKDQJH
DVDIDFWRULQGHWHUPLQLQJIXHOUHPDLQLQJ7KHUHVXOWV
PDWFKHGWKHJURXS·VSUHGLFWLRQVEDVHGRQWKHLQLWLDO
WHVWVGRQHRQWKH6RXWK%DVHUXQZD\WKHJUHDWHVWGUDJ
UHGXFWLRQWKH\LGHQWLÀHGUHVXOWHGLQDQDSSUR[LPDWHO\
SHUFHQWUHGXFWLRQLQIXHOFRQVXPSWLRQDIIRUGHGE\
GHYLFH$ZLWKDVOLJKWO\OHVVHUGLYLGHQGIURPGHYLFH(
RISHUFHQW7KHWHVWVZHUHFRPSOHWHE\WKHVXP
PHURIDQGWKH\EHJDQSXEOLVKLQJWKHUHVXOWVLQ
2FWREHURIWKDW\HDU
6DOW]PDQ0RQWR\DDQG6WHHUVDWWHQGHGDWUDQVSRU
WDWLRQ LQGXVWU\ FRQIHUHQFH LQ2FWREHU  DQG LQ
DGGLWLRQWRDSDSHUSUHVHQWHGE\0RQWR\DWKH\WRRN
WKHRSSRUWXQLW\WRGLVWULEXWHWKHUHSRUWRIWKHLUWUDFWRU
WUDLOHUWHVWV/DWHULQWKHGD\RIWKHSUHVHQWDWLRQDWWKH
PRWHOZKHUHWKH\ZHUHVWD\LQJWKHWKUHHGLVFXVVHGWKH
LQGXVWU\UHSUHVHQWDWLYHV·UHFHSWLRQRIWKHLUWHVWVDQG
UHVXOWVZKLFKHDFKKDGQRWHGDVXQLIRUPO\VNHSWLFDO
/DZUHQFH&0RQWR\DDQG/RXLV/6WHHUV6WXG\RI$HURG\QDPLF'UDJ5HGXFWLRQRQD)XOO6FDOH7UDFWRU7UDLOHU&RPELQDWLRQZLWK
6HYHUDO$GG2Q'HYLFHVGHOLYHUHGWRDQ6$(PHHWLQJLQDQG(GZLQ-6DOW]PDQ´$6XPPDU\RI1$6$'U\GHQҋV$HURG\QDPLF
7UXFN5HVHDUFKµWREHSUHVHQWHGWRWKH6$(7UXFNDQG%XV0HHWLQJDQG([SRVLWLRQ,QGLDQDSROLV,11RYHPEHU

/RXLV/6WHHUV/DZUHQFH&0RQWR\DDQG(GZLQ-6DOW]PDQ´$HURG\QDPLF'UDJ5HGXFWLRQ7HVWVRQD)XOO6FDOH7UDFWRU7UDLOHU
&RPELQDWLRQDQGD5HSUHVHQWDWLYH%R[6KDSHG*URXQG9HKLFOHµ6RFLHW\RI$XWRPRWLYH(QJLQHHUV
DEVICE A
DEVICE E
 Word Spreads
(GZLQ-6DOW]PDQLQWHUYLHZZLWKDXWKRU%DNHUVÀHOG&$$SULO)RUDODUJHUGLVFXVVLRQRQZLQGWXQQHOGDWDYHUVXVWKHUHVXOWV
RIDLUERUQHH[SHULPHQWVVHH0LOWRQ27KRPSVRQZLWKDEDFNJURXQGVHFWLRQE\-'+XQOH\)OLJKW5HVHDUFK3UREOHPV(QFRXQWHUHG
DQG:KDW7KH\6KRXOG7HDFK8V1$6$636HHDOVR9LQFHQW80XLUKHDG)LQDO5HSRUWRQ$Q,QYHVWLJDWLRQRI'UDJ
5HGXFWLRQRQ%R[6KDSHG*URXQG9HKLFOHV/DZUHQFH7KH8QLYHUVLW\RI.DQVDV.8)5/0XLUKHDGDQGDWHDPRIVWXGHQWV
FRQGXFWHGWHVWVRQDYDULHW\RIVFDOHPRGHOVWKDWPLPLFNHGWKHIXOOVFDOHWHVWEHGVDWWKH)5&WKHLUUHVXOWVZHUHZLWKLQSHUFHQW
RIWKH)5&UHVXOWV
6DOW]PDQLQWHUYLHZZLWKDXWKRU6DOW]PDQKDVUHIHUUHGWRWKLVDVRQHRIWKHWKUHH´KXUGOHVµKHDQGKLVWHDPKDGWRFRQWHQGZLWK
7KHVHKXUGOHVSXEOLFSHUFHSWLRQVDJDLQVWZKLFKKHDQGKLVWHDPODERUHGZHUHLQRUGHURIWKHLUDSSHDUDQFHWKHQRWLRQWKDWWHVWLQJRID
IRXUIRRWPRGHOLQDZLQGWXQQHOZRXOGFRVWOHVVWKDQGULYLQJDWUXFNRQWKHRSHQURDGWKHLGHDWKDWFRPSXWDWLRQDOÁXLGG\QDPLFVZRXOG
EHPRUHDFFXUDWHWKDQWHVWLQJWKHYHKLFOHLQLWVQDWXUDOHQYLURQPHQWDQGWKHQRWLRQWKDWGULYLQJDKHDYLO\IDLUHGFDEZDVWDQWDPRXQWWR
GULYLQJD´VLVV\WUXFNµDFRPPHQWWKH1$6$GULYHUHQGXUHGDWWUXFNVWRSVGXULQJURDGWHVWV2QWKHPDWWHURIWKHFRQWLQXLQJLPSRUWDQFH
RIZLQGWXQQHOVLQWKHIDFHRIDJURZLQJUHOLDQFHRQ&)'VHH(GZDUG*ROGVWHLQ´:LQG7XQQHOV'RQҋW&RXQW7KHP2XWµLQ$HURVSDFH
$PHULFDQ$SULOYROQRDQG3KLOLS6$QWRQ(XJHQH&*ULWWRQ5LFKDUG0HVLF3DXO6WHLQEHUJ'DQD--RKQVRQ
0LFKDHO%ORFN0LFKDHO6FRWW%URZQ-HIIUH\$'UH]QHU-DPHV'U\GHQ7KRPDV+DPLOWRQ7KRU+RJDQ'HERUDK3HHW]5DM5DPDQ
-RH6WURQJ:LOOLDP3*7ULPEOH:LQG7XQQHODQG3URSXOVLRQ7HVW)DFLOLWLHV$Q$VVHVVPHQWRI1$6$ҋV&DSDELOLWLHVWR6HUYH1DWLRQDO
1HHGV6DQWD0RQLFD5$1'&RUSRUDWLRQ%RWKVRXUFHVDUJXHWKDWZKLOH&)'KDVPDGHJUHDWVWULGHVZLQGWXQQHOVDUHLQYDOX
DEOHLQYDOLGDWLQJ&)'SUHGLFWLRQVDQGUHGXFLQJFRVWVE\WHVWLQJPRGHOVLQZD\VIRUZKLFK&)'LVQRVXEVWLWXWHEHIRUHPRYLQJWRIXOOVFDOH
PRGHOVWRQDPHEXWWZRUHDVRQVIRUWKHLUFRQWLQXHGXVHDORQJVLGHFRPSXWHUVLPXODWLRQ7KHWHQVLRQEHWZHHQZLQGWXQQHODGYRFDWHVDQG
&)'DGYRFDWHVFRQWLQXHVXQDEDWHGKRZHYHU,QHYLWDEO\GHVLJQHUVRIDLUFUDIWÀUVWÁ\WKHYHKLFOHVWRYDOLGDWHZLQGWXQQHODQG&)'ZRUN
EHIRUHGHOLYHULQJWKHPWRWKHFXVWRPHU
´,WLVWKLVUHDOOLIHFRQGLWLRQWKDWRIWHQJHWVZLQGWXQQHOUHVHDUFKHUVLQWURXEOHLQFRUUHODWLQJEHWZHHQZLQGWXQQHOUHVXOWVDQGURDGWHVWLQJ
UHVXOWVµ1&:LOH\3UHVLGHQW$LUVKLHOG'LYLVLRQ5XGNLQ:LOH\&RUSRUDWLRQ´'HPRQVWUDWLRQ$HURG\QDPLF'UDJ5HGXFWLRQIRUWKHSXU
SRVHRI5HGXFLQJ)XHO&RQVXPSWLRQRI7UXFNVµ6WDQIRUG&7'HFHPEHU
0DQ\FRQIHUHQFHDWWHQGHHVGLVPLVVHGWKHUHOLDELOLW\RI
WKHFRDVWGRZQPHWKRGDQGTXHVWLRQHGZKHWKHUGULY
LQJDWUXFNLQLWVDFWXDOHQYLURQPHQWFRXOGEHFKHDSHU
RUSURGXFHPRUHDFFXUDWHGDWDWKDQSXWWLQJPRGHOVLQ
DZLQGWXQQHOFRXOG,WKDVWREHVDLGWKDW6DOW]PDQ
DQGKLVWHDPKDGGHFDGHVRIH[SHULHQFHLQIXOOVFDOH
YHKLFOHÁLJKWWHVWLQJ DQGGDWD UHGXFWLRQ DQG VRPH
NQRZOHGJHRIZLQGWXQQHOWHVWLQJDQGNQHZZHOOWKH
EHQHÀWVDQGOLPLWDWLRQVRIHDFK,WVHHPHGWKDWWUXFN
LQJLQGXVWU\UHSUHVHQWDWLYHVDWWKHFRQIHUHQFHKDGRQO\
OLPLWHGH[SHULHQFHZLWKWKHIRUPHUDQGZHUHGUDZQ
DOPRVWH[FOXVLYHO\WRWKHLGHDRIVPDOOPRGHOZLQG
WXQQHOWHVWLQJ7KH\IRXQGLQFRQFHLYDEOHWKHLGHDWKDW
IXOOVFDOHWHVWLQJZDVFKHDSHU´ %XWWKHIDFWVDUHWKDWLW
ZDVFKHDSHUWRGRWKHUHDOWKLQJµ6DOW]PDQVDLG$QG
´WKHUHDOWKLQJJDYH\RXWKHUHDOUHVXOWVµ
:LQGWXQQHOVGRDOORZPRUHFRQWURORYHUYDULDEOHV
EXWUHVXOWVREWDLQHGLQWKHPDUHQRWDOZD\VDFFXUDWH
DQGWKHYDULDEOHVGRQRWDOZD\VPDWFKUHDOHQYLURQ
PHQWV7KH8QLYHUVLW\RI0DU\ODQG·V7UDLOPRELOHWHVWV
RI WKH HDUO\ V IRU H[DPSOH JHQHUDWHG UHVXOWV
VLPLODUWRWKRVHRI6DOW]PDQ·VJURXSZLWKLWV6KRHER[
H[SHULPHQWVDQGWKH7UDLOPRELOHWHVWVZHUHFRQGXFWHG
HQWLUHO\RQPRGHOVLQZLQGWXQQHOV*HQHUDO0RWRUV
DOVRXVHGZLQGWXQQHOVWRH[DPLQHYHKLFXODUGUDJZLWK
DQH\HWRZDUGLWVRZQWUXFNVDQGUHOHDVHGWKHUHVXOWV
LQ:KLOHWKHVLPLODULWLHVLQWKHUHVXOWVRIWKHVH
WKUHHWHVWVDUHXQGHQLDEOHH[WUDSRODWLRQVEDVHGRQO\
RQPRGHOV DQGZLQG WXQQHOV LQYROYH D FHUWDLQ OHDS
RI IDLWK7KHUH LV HYHQ QRZ DQ DELGLQJ QRWLRQ WKDW
FRPSXWDWLRQDOÁXLGG\QDPLFV&)'LVWKHSUHIHUUHG
PHWKRGZKHQWU\LQJWRDQWLFLSDWHH[SHULPHQWDODHUR
G\QDPLF UHVXOWV%XW DV6DOW]PDQQRWHG ´DQ\ERG\
ZKR·VZRUNHGRQ IXOOVFDOHYHKLFOHV³ZKHWKHU WKH\
EH JURXQG YHKLFOHV RU DLUFUDIW³UHDOL]HV \RX GRQ·W
JHWWKHUHDODQVZHUVWKDWZD\³\HW7KH\·OOJHWVRPH
ULJKWDQVZHUVEXWWKH\·UHOD\LQJWKHPVHOYHVRSHQWR
EHLQJIRROHGµ7KLVVDLGHYHQ6DOW]PDQDJUHHVWKDW
FDUHIXOO\FRQGXFWHGZLQGWXQQHOWHVWVFDQQRZFORVHO\
PDWFKUHVXOWVGHULYHGWKURXJKIXOOVFDOHWHVWVDVERWK
KHDQGRWKHUUHVHDUFKHUVGHPRQVWUDWHGRYHUWKHFRXUVH
RIWKHVWXGLHV
7KHUHDFWLRQZLWKLQWKHWUXFNLQJLQGXVWU\ZDVQRW
GUDPDWLFDOO\ GLIIHUHQW IURPZKDW WKH WHDPSHULRGL
FDOO\HQFRXQWHUHGDWWKH)5&EXWQRWEHFDXVHWKHLU
FROOHDJXHVGRXEWHGWKHWRROVWKH\XVHGRUWKHUHVXOWV
WKH\ZHUHJHWWLQJPDQ\TXHVWLRQHGWKHDSSURSULDWH
QHVV RI D1$6$DHURQDXWLFV FHQWHU FRQGXFWLQJ UH
VHDUFKRQURDGYHKLFOHV0RUHWKDQDIHZDWWKHFHQWHU
FRQVLGHUHGLWDQXQQHFHVVDU\GLYHUVLRQRIUHVRXUFHV
%HWZHHQDQGWKH\HDULQZKLFKWKHORQJ
KDXOWUXFNIDLULQJUHVHDUFKEHJDQWKHFHQWHU·VEXGJHW
LQFUHDVHG IURP WR PLOOLRQ*LYHQ WKH
RYHUDOO UHGXFWLRQ LQ1$6$·V EXGJHW DQ\ LQFUHDVH

ZDVDYLFWRU\EXWIHZDWWKHFHQWHUIHOWFRPIRUWDEOH
DQGQRWZLWKRXWFDXVH7KHFHQWHU·VEXGJHWKDGIDOOHQ
LQDQGGLGQRWPDWFKOHWDORQHH[FHHGLWV
IXQGLQJ OHYHO XQFRUUHFWHGIRU LQÁDWLRQXQWLO
7KHVSDFHSURJUDPKDGWDNHQDSURJUHVVLYHO\ODUJHU
VKDUHRI1$6$·VEXGJHWWKURXJKRXWWKHVDQGWKH
QDWLRQ·VHFRQRPLFFLUFXPVWDQFHVE\WKHVZHUH
VXFKWKDWHYHQZLWKRXWWKHVSDFHSURJUDP·VGUDLQWKH
DJHQF\·VEXGJHWZDVQRWJRLQJWREHDVODUJHDVLWKDG
EHHQ$VKLVWRULDQ0LFKDHO*RUQSXWLW´$HURQDXWLFV
H[SHQGLWXUHV IHOO XQGHU KHDGTXDUWHUV VFUXWLQ\ DIWHU
-DPHV:HEE·VVXFFHVVRU7KRPDV23DLQHUHVLJQHG
LQ6HSWHPEHU  >-DPHV@)OHWFKHU DFFHSWHG FRVW
FXWWLQJDVDQHFHVVDU\PHDVXUHµ
7KH;·VYLVLELOLW\WRWKHSXEOLFDQGWKHIDFWWKDW
LW FRQVXPHG DQ H[FHSWLRQDO DPRXQW RI WKH FHQWHU·V
EXGJHWPHDQW WKDWZKHQ LWZDV FDQFHOOHG  LW
´UDLVHGTXHVWLRQVDERXWWKHVXUYLYDORIWKH)5&LWVHOI
DVXJJHVWLRQKHDUGLQVXFKKLJKSODFHVDVWKH6HQDWH
$SSURSULDWLRQV&RPPLWWHHµ(IIRUWVE\)5&GLUHF
WRU'H(OUR\%HHOHUWRVHFXUHWKHFHQWHU·VSRVLWLRQE\
UHRUJDQL]LQJ WKH DJHQF\·V DHURQDXWLF FHQWHUV DORQJ
PRUH UDWLRQDO OLQHVPHW UHVLVWDQFH DW KHDGTXDUWHUV
DQGDPRQJRWKHU1$6$DHURQDXWLFFHQWHUVKDGWKRVH
HIIRUWVEHHQDFWHGXSRQE\ WKH)5&SRVLWLRQ
PD\KDYHPHDQWUHGXFHGFULWLFLVPRIWKHWUXFNIDLULQJ
UHVHDUFKSURJUDP7KHUHUHPDLQHGWKHIDLUO\REYLRXV
IDFWWKDWWUXFNIDLULQJUHVHDUFKZDVQRWGLUHFWO\OLQNHG
WRDHURQDXWLFVKRZHYHU
$QG VR DOWKRXJK WKH)5&FRQWLQXHG WR KRVW WKH
OLIWLQJERGLHVIRUDZKLOHORQJHUWKHHUDRIKLJKO\YLV
LEOH KLJKSHUIRUPDQFH H[SHULPHQWDOÁ\LQJ VHHPHG
WRPDQ\DW WKH FHQWHU WREH DW DQ HQG ,W VKRXOGEH
UHFDOOHGWKDWHYHQLQWKHPLGVWRIWKH$SROORSURJUDP
EHWZHHQDQGWKHDJHQF\XQGHUZHQWZKDW
ZHUHWHUPHG5HGXFWLRQVLQ)RUFHWKDWVDZQXPHURXV
$SROOR SURJUDPHQJLQHHUV IRUFHG WR ORRN IRUZRUN
HOVHZKHUH'HVSLWHZKDW DSSDUHQW ORJLF WKHUHPD\
VHHPWRGD\ LQFRQGXFWLQJDHURG\QDPLFUHVHDUFKRQ
WUXFNVHQWKXVLDVPDWWKHWLPHZDVQRWXQLIRUPZLWKLQ
WKH)5&IRUWKHUHVHDUFK6DOW]PDQ0RQWR\D6WHHUV
DQGRWKHUVZHUHFRQGXFWLQJ
6DOW]PDQ0RQWR\D DQG 6WHHUV KRZHYHUZHUH
XQGHWHUUHG E\ WKH FULWLFLVPV RI WKHLUPHWKRGRORJ\
DQGUHVXOWV7KHLUH[SHULHQFHVZLWKERWKW\SHVRIWHVW
PHWKRGVZDVVRPHWKLQJWKRVHLQWKHDXWRPRWLYHDQG
WUXFNLQJLQGXVWULHVGLGQRW\HWSRVVHVVDQGDFFHVVWR
VXSHUFRPSXWHUV QHFHVVDU\ IRU VRXQG&)' VLPXOD
WLRQVZDVQRW\HWUHDGLO\DYDLODEOH%XWPRUHWRWKH
SRLQWWHVWLQJLQUHDOFRQGLWLRQVUDWKHUWKDQWKHOLPLWHG
FRQGLWLRQVRIDZLQGWXQQHOZDVDQGFRQWLQXHVWREHD
YDOXDEOHFDSDELOLW\DQGFULWLFDOWRUHVROXWLRQRIVRPH
GHVLJQSUREOHPV
5LFKDUG3+DOOLRQDQG0LFKDHO+*RUQ2QWKH)URQWLHU([SHULPHQWDO)OLJKWDW1$6$'U\GHQ:DVKLQJWRQ'&6PLWKVRQLDQ
,QVWLWXWLRQ
0LFKDHO+*RUQ([SDQGLQJWKH(QYHORSH)OLJKW5HVHDUFKDW1$&$DQG1$6$/H[LQJWRQWKH8QLYHUVLW\RI.HQWXFN\3UHVV

,ELG
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$Q HDUOLHU YLHZ RI WKH ´%DW 7UXFNµ DV LW EHFDPH
NQRZQVKRZLQJWKHH[WHQWRIWKHZRUNGRQHWRFOHDQ
XSWKHDUHDEHWZHHQWKHFDEDQGWUDLOHU7KHJDSVHDO
KDVQRW\HWEHHQDWWDFKHG
1$6$  (
Chapter Five
Shifting the Paradigm
7KH %DW 7UXFN UHÁHFWHG ERWK H[LVWLQJ GHVLJQV DQG
RULJLQDO WKLQNLQJ E\ 'U\GHQ HQJLQHHUV 7KH FXUYH
IURP WKH URRI RI WKH FDE XS WR WKH WUDLOHU ZDV DQ
DGDSWDWLRQRIDYDLODEOHSURGXFWVUHÁHFWLQJWKHEHOLHI
WKDWWKHWUDLOHUFRQVWLWXWHGWKHJUHDWHVWDHURG\QDPLF
SUREOHP7KHFHQWHU·VGHVLJQUHVHPEOHGDIWHUPDUNHW
GHYLFHV WKDW DWWDFKHG WR WKH FDE·V URRI DQG ZHUH
PHDQWWRGHÁHFWDLULQIURQWRIWKHWUDLOHU7KHHIIRUW
WRVHDOWKHJDSEHWZHHQFDEDQGWUDLOHUZDVDÀUVW
KRZHYHU1RHIIRUWKDG\HWEHHQPDGHWRFOHDQXSWKH
IURQWRIWKHFDE
1$6$    (
)ROORZLQJH[SHULPHQWVDLPHGDWLPSURYLQJDWUXFN·V
DHURG\QDPLFV WKURXJK XVH RI H[LVWLQJ DIWHUPDUNHW
SURGXFWV1$6$·VWHDPDWWKH)OLJKW5HVHDUFK&HQWHU
GHFLGHGWRWU\LWVRZQKDQGDWPRGLI\LQJDORQJKDXO
WUDFWRUWUDLOHUXQLW´ VPLWWHQE\WKHFKDOOHQJHRIGHÀQ
LQJ WKHSRWHQWLDO IRU UHGXFLQJ WKH IXHOFRQVXPSWLRQ
RI JURXQG YHKLFOHVµ&DSLWDOL]LQJ RQZKDW WKH\·G
REVHUYHGZLWK WKH DIWHUPDUNHW SURGXFWV DVZHOO DV
RQORJLFDQGH[SHULHQFHWKH)5&HQJLQHHUVGHVLJQHG
DQ DHURG\QDPLF IDLULQJ WR WHVW RQ WKH FHQWHU·V FDE
RYHU)URPPLGZD\EDFNRQWKHURRIRIWKHFDEURVH
DEXPSWKDWVZHOOHGXSZDUGWREHFRPHDIDLULQJLQ
IURQWRIWKHWUDLOHU8QOLNHWKHDIWHUPDUNHWSURGXFWV
WKHVWUXFWXUHVSDQQHGWKHFDE·VHQWLUHZLGWK³DQGRI
FRXUVHWKDWRIWKHWUDLOHU·VDVZHOO'XEEHGWKH´%DW
7UXFNµ WKHFUHZVHQW LWRXW IRU WKHFXVWRPDU\URDG
WHVWV7RWKHLUGLVPD\WKHLUGHVLJQ\LHOGHGOLWWOHGUDJ
LPSURYHPHQW%HWZHHQWKHHQGRIDQGWKH
(GZLQ-6DOW]PDQ´$6XPPDU\RI1$6$'U\GHQҋV7UXFN$HURG\QDPLF5HVHDUFKµ6RFLHW\RI$XWRPRWLYH(QJLQHHUV
:DUUHQGDOH3$7KLVLVWKHSXEOLVKHGYHUVLRQRIWKHSDSHU6DOW]PDQGHOLYHUHGWRWKH6$(´7UXFNDQG%XV0HHWLQJDQG
([SRVLWLRQµKHOGLQ,QGLDQDSROLV,11RYHPEHU
HQJLQHHUVGHYLVHGDQH[WHQVLRQRIWKHIDLULQJVRWKDW
LWVHDOHGWKHJDSEHWZHHQFDEDQGWUDLOHUGUDZLQJRQ
WKHLURZQGDWDIURPWKHDIWHUPDUNHWWHVWVDQGH[LVWLQJ
LQIRUPDWLRQ\HWHYHQWKDWGLGQRWJHQHUDWHVXIÀFLHQW
UHWXUQVWRH[FLWHWKHP
7RDQH\HDFFXVWRPHGWRVHHLQJORQJKDXOWUXFNVRI
WKHWZHQW\ÀUVWFHQWXU\WKHRULJLQDOLWHUDWLRQRIVXFK
DYHKLFOHGHVLJQHGE\WKH1$6$HQJLQHHUVORRNVOLNH
DVXUSULVLQJO\KDOIZD\DWWHPSW7KLVVHHPLQJO\WHSLG
H[SHULPHQWVDÀUVWHIIRUWZDVEHFDXVHRIDQHQGXU
LQJFKDUDFWHULVWLFRIWKHDJHQF\DQGSDUWLFXODUO\WKLV
 Shifting the Paradigm
FHQWHU'HVSLWHDORQJDQGVWXQQLQJUHFRUGRIVXFFHVV
ZLWKXQXVXDODQGRIWHQYHU\GDQJHURXVDLUFUDIW1$6$
DQGLWVSUHGHFHVVRUWKH1$&$KDGEXLOWDUHSXWDWLRQ
RQVWHDGIDVWFRPPLWPHQW WRFDUHIXODQGPHWKRGLFDO
DGYDQFHVLQUHVHDUFKQRWKXJHVXGGHQOHDSV,WZDV
WKLV DPRQJRWKHU WKLQJV WKDWJDYH WKHDJHQF\ VXFK
)RUDEURDGHUGLVFXVVLRQRI1$&$1$6$FKDUDFWHUWUDLWVDVDQDJHQF\VHH&XUWLV3HHEOHV7KH)RUJRWWHQ;3ODQHV&RQÀJXUDWLRQ
5HVHDUFK$LUFUDIWRIWKH6XSHUVRQLF(UD1$6$0RQRJUDSKVLQ$HURVSDFH+LVWRU\IRUWKFRPLQJ
DQHQYLDEOHUHFRUGRIVDIHW\LILWDOVRIUXVWUDWHGWKRVH
LQFOLQHG WR D IDVWHU UHVHDUFKSDFH1RW VXUSULVLQJO\
WKHQWKHÀUVWLQKRXVHWHVWYHKLFOHPDQLIHVWHGZKDW
VHHPHG WR EH WKH EHVW WUDLWV RI WKHPRVW VXFFHVVIXO
DIWHUPDUNHW SURGXFWV WKH\ WHVWHG UDWKHU WKDQ VRPH
HQWLUHO\QHZGHVLJQ8QGHWHUUHGE\ WKHUHVXOWV WKH
7KH%DW7UXFNULJKWDORQJVLGHDQDOPRVWLGHQWLFDOWHVWWUXFNWKDWVHUYHGDVWKHEDVHOLQHYHKLFOH%RWKWUDFWRU
WUDLOHUXQLWVZHUHVHQWRQPXOWLSOHWULSVDURXQGDPLOHORRSRIKLJKZD\VWRHYDOXDWHPRGLÀFDWLRQVPDGHWR
WKH%DW7UXFN
1$6$            (
7KLVSLFWXUHRID.HQZRUWK7WKHÀUVWSURGXFWLRQWUDFWRUZLWKDHURG\QDPLFIDLULQJVRIUHDOFRQVHTXHQFH
UHYHDOVDIDLULQJDUUDQJHPHQWHFKRLQJWKDWRIWKH%DW7UXFN
1$6$            ,0*

&HQWHUHQJLQHHUVWHVWHGWKHWZRD[OHWUXFNZLWKDGHYLFH
FDOOHGD´ÁRZYDQHµDWWDFKHGWRWKHIURQWRIWKHFDUJR
ER[ URRI 7KH\ WULHG WKUHH FRQÀJXUDWLRQV RI WKH ÁRZ
YDQH7XIWLQJLVDJRRGLQGLFDWRURIWKHGHYLFH·VEHQHÀW
1$6$     (
   
HQJLQHHUVVFUDSSHGDOPRVWDOOWKHLQLWLDOPRGLÀFDWLRQV
WKDWKDGEHHQPDGHWRWKHWUDFWRU
$WYLUWXDOO\WKHVDPHWLPHWKLVZDVKDSSHQLQJWKH
HQJLQHHUVEHJDQDVHULHVRIWHVWVZLWKWZRRWKHU)5&
YHKLFOHVDWZRD[OHWUXFNDQGDVWDWLRQZDJRQ7KH
WUXFNKDGDFXEHOLNHER[RQWKHEDFNW\SLFDORIWKH
SHULRGZLWK DOO HGJHV IRUPLQJ DQJOHV6HHNLQJ
WRYHULI\WKHUHVXOWVDFKLHYHGZLWKWKH6KRHER[WKH\
EHJDQZLWKDVHULHVRIFRDVWGRZQWHVWVWRHVWDEOLVKWKH
EDVHOLQHGUDJGDWDIRUWKHWUXFNIROORZHGE\WULSVXS
DQGGRZQWKH6RXWK%DVHUXQZD\ZLWKWXIWVRI\DUQ
DWWDFKHG WR WKHFDUJRER[ WR VKRZDLUÁRZSDWWHUQV
7KH\WKHQSURFHHGHGWRDWWDFKVHYHUDOGHYLFHVRQHDW
DWLPHDQGFRQGXFWWKHXVXDOFRDVWGRZQWHVWVLQRUGHU
WRGHWHUPLQHWKHEHQHÀWVLIDQ\)LQDOO\WKHHQJLQHHUV
WXUQHGWKHWUXFNRYHUWRWKHIDEULFDWLRQVKRSWRKDYH
D UDGLXV DSSOLHG WR WKH OHDGLQJ HGJHV RI WKH ER[·V
FRUQHUV LQPXFKWKHVDPHZD\WKH\KDGGRQHZLWK
WKH6KRHER[2QFHDJDLQWKHWHDPWRRNWKHWUXFNRXW
,URQLFDOO\RWKHUVDGRSWHGWKHVDPHGHVLJQDSSURDFK³ZLWKRXWVHHLQJWKH%DW7UXFN³DQGWKDWVKDSHUHPDLQVRQWKHURDGDVRIWKLV
ZULWLQJGHVSLWHLWVRYHUDOOLQHIÀFLHQF\
$.HQZRUWK7SXOOLQJDUHIULJHUDWHGWUDLOHU7KHFKLOOHULVPRXQWHGRQWKHQRVH
1$6$           ('
 Shifting the Paradigm
)LJ)ORZYDQHFRQÀJXUDWLRQV'LPHQVLRQVDUHLQ
PHWHUVLQFKHV
IRUDVHULHVRIFRDVWGRZQWHVWV7KHEHVWUHVXOWVD
SHUFHQWUHGXFWLRQLQDHURG\QDPLFGUDJZHUHUHDOL]HG
ZLWKWKHWUXFNZKHQLWKDGVLPSO\WKHFDUJRER[VSRUW
LQJFRUQHUVZLWKUDGLL
7RWKHVWDWLRQZDJRQWKHWHDPDIÀ[HGDODUJHYDODQFH
VLPLODUWRWKHRQHDWWDFKHGWRWKHWUDFWRUWUDLOHUXVHG
WRFDUU\WKHDIWHUPDUNHWIDLULQJVWKH\·GWHVWHGIRUWKH
'R7$QGDJDLQWKHIURQWRIWKHFDUZDVWXIWHGVRWKH
DLUÁRZFRXOGEHPDSSHG%RWKRIWKHVHWHVWVVHUYHG
WRYDOLGDWHHDUOLHUZRUNGRQHZLWKWKH6KRHER[DQG
ZLWKWKHWUDFWRUWUDLOHUZLWKWKHDGGRQIDLULQJV7KLV
DSSURDFKVHHNLQJYHULÀFDWLRQRIHDUOLHUFRQFOXVLRQV
ZDVRQHWRZKLFKHQJLQHHUVDWWKHFHQWHUZHUHDFFXV
WRPHG ,WZDV QRGLIIHUHQW WKDQ WDNLQJZLQGWXQQHO
SUHGLFWLRQVDQGYDOLGDWLQJWKHPZLWKDÁ\LQJDLUSODQH
$UWKXU(6KHULGDQDQG6WHYH-*ULHU'UDJ5HGXFWLRQ2EWDLQHGE\0RGLI\LQJD6WDQGDUG7UXFN1$6$70(GZDUGV&$1$6$
'U\GHQ)OLJKW5HVHDUFK&HQWHU
7KLVLPDJHUHYHDOVWKHJDSDWWKHWRSRIWKHÁRZYDQH
ZKLFKUHVHPEOHGDÀ[HGOHDGLQJHGJHZLQJVODW
1$6$     (
)ORZ YDQH FRQÀJXUDWLRQV DSSOLHG WR WKH VWDQGDUG
WUXFNDWWKH)5&5HVXOWVFDQEHPDWFKHGWRWKHWDEOH
DERYHDQGLQÀJXUHVDQG
1$6$7HFKQLFDO0HPRUDQGXP70
)LJ&RPSRVLWHSORWRIWRWDOGUDJYHUVXVYHKLFOH
YHORFLW\IRUDOOFRQÀJXUDWLRQV

RUPRUHLPPHGLDWHO\SXWWLQJWKHUHIHUHQFHÁDWSODWH
RQWRSRIWKHGHOLYHU\YDQWRYDOLGDWHWKHSUHOLPLQDU\
WUDFWLYHGUDJSUHGLFWLRQVWKHHQJLQHHUVKDGHVWDEOLVKHG
DWWKHSURMHFW·VRXWVHW
%DW7UXFN5HGX[
8QGHWHUUHGE\WKHSRRUUHVXOWVRIWKHLUÀUVWDWWHPSW
DWEXLOGLQJDJHQXLQHDHURG\QDPLFWUDFWRUWUDLOHUXQLW
WKHHQJLQHHUVEHJDQDJDLQWKLVWLPHZLWKDFOHDQVODWH
7ZRLPDJHVRIWKHWZRD[OH)OLJKW5HVHDUFK&HQWHUWUXFNWKDWZDVSUHVVHGLQWRVHUYLFHIRUDHURG\QDPLFVWXG\
7KHLPDJHDWOHIWVKRZVWKHWUXFNZLWKDVWRFNFDUJRER[)RUSXUSRVHVRIWKHVWXG\HQJLQHHUVKDGWKHIDEULFDWLRQ
VKRSEXLOGDQHDUO\WZRIRRWH[WHQVLRQRIWKHFDUJRER[ZKLFKZDVDWWDFKHGWRWKHIURQWRIWKHER[MXVWEHKLQG
WKHFDE,WKDGWKHH[DFWGLPHQVLRQVRIWKHFDUJRER[7KLVZRXOGDOORZHQJLQHHUVWRPRGLI\WKH´IURQWµRIWKH
ER[ZLWKRXWSHUPDQHQWO\PRGLI\LQJDZRUNLQJYHKLFOH7XIWLQJPDSVDSDWWHUQRIFKDRWLFDLUÁRZDORQJWKHVLGH
RIWKHFDUJRER[7KHLPDJHDWULJKWVKRZVWKHVDPHWUXFNWKLVWLPHZLWKWKHIURQWYHUWLFDODQGKRUL]RQWDOHGJHV
VSRUWLQJDUDGLXV7KHWXIWLQJQRZDOLJQVLQDIDLUO\XQLIRUPSDWWHUQ7KLVFKDQJHSURGXFHGDQDHURG\QDPLF
GUDJUHGXFWLRQRISHUFHQWFRPSDUHGWRWKDWRIWKHEDVHOLQHWUXFN
1$6$         ((
FKRRVLQJQRWWRWKLQNLQWHUPVRIVPDOODIWHUPDUNHW
SURGXFWV EXW LQVWHDG RI KRZPXFK LPSURYHPHQW
PLJKWUHDVRQDEO\EHH[SHFWHGZLWKFDERYHUWUXFNVDQG
WUDLOHUV7KH\KDGLQPLQGIXQGDPHQWDOO\UHGHVLJQLQJ
WKHWUDFWRUDQGEURXJKWWREHDUWKHIXOOH[WHQWRIWKHLU
H[SHULHQFHZLWKWKH6KRHER[DVZHOODVWKHNQRZOHGJH
RIZKDWKDGQRWZRUNHGLQWKHLUSUHYLRXVH[SHULPHQW
7KHLUHIIRUWOHGWRWKHPRVWUDGLFDOWUDFWRUWUDLOHUXQLW
RIWKHSHULRG
3RRUUHVXOWVZLWKWKH%DW7UXFNOHGFHQWHUHQJLQHHUVWRWU\DJDLQWKLVWLPHLQFRUSRUDWLQJDVPXFKDVSRVVLEOHRI
DOOGDWDDFTXLUHGZLWKWKH6KRHER[DQGWKH'R7WHVWV.HHSLQJWKH%DW7UXFN·VJDSVHDOEHWZHHQFDEDQGWUDLOHU
WKH\KDGWKHIDEULFDWLRQVKRSDSSO\DQHZIDLULQJWRWKHFDEOHIW+LJKOLJKWHGLQWKHVHWKUHHLPDJHVDUHWKH
VZHHSLQJFXUYHRIWKHIDLULQJULVLQJIURPWKHIURQWURRIRIWKHFDEWRWKHKHLJKWRIWKHWUDLOHUFHQWHUWKHUDGLXV
DSSOLHGWRWKHURRIIDLULQJDQGWKHIURQWFRUQHUVRIWKHFDEDQGWKHUDGLXVDQGGHHSYDODQFHDWWKHIURQWRIWKH
FDEULJKW0RUHLPSRUWDQWWKHFROOHFWLRQRILPDJHVXQGHUVFRUHVKRZGUDPDWLFDOO\WKHVHFKDQJHVGHSDUWHG
IURPWKHVWDQGDUGWUDFWRUGHVLJQRIWKHGD\
1$6$         (((
 Shifting the Paradigm
,QPXFKWKHVDPHZD\DVLWKDGZLWKWKH6KRHER[
YDQWKH)5&VKHHWPHWDOVKRSDWWDFKHGDIUDPHZRUN
WRWKHH[LVWLQJWUDFWRUFDERQWRZKLFKVKHHWVRIDOX
PLQXPZHUHÀ[HG7KHVHVKHHWVZHUHFXUYHGDVWKH\
KDGEHHQLQWKHPRVWHIÀFLHQWYHUVLRQRIWKH6KRHER[
ZLWKDUDGLLHTXDOWRSHUFHQWRIYHKLFOHZLGWK7KH
IDLULQJVWDUWHGDWWKHIURQWD[OHFXUYHGXSDQGRYHUWKH
FDEDQGUHDFKHGWKHVDPHKHLJKWDVWKHWUDLOHU,WDOVR
UDQDORQJWKHVLGHRIWKHFDEFORVLQJWKHJDSEHWZHHQ
WUDFWRUDQGWUDLOHUHQWLUHO\%XWWKHIDLULQJGLGPRUHWKDQ
VHDORIIWKHJDS7KHIDLULQJ·VVLGHVDQGWRSH[WHQGHG
RYHUWKHWUDLOHUDQGZHUHKLQJHGDWWKHFDEVPDOOUROO
HUVRQWKHLQVLGHRIWKHIDLULQJDOORZHGLWWRÁH[VLGH
WRVLGHDVZHOODVXSDQGGRZQDVWKHWUXFNWXUQHGOHIW
RUULJKWRUURGHRYHUXQHYHQSDYHPHQWZKLOHEXQJHH
FRUGVGUHZWKHVLGHVRIWKHIDLULQJVWRJHWKHUWRFUHDWH
FRQVWDQW WHQVLRQRQ WKHPNHHSLQJ WKH IDLULQJÁXVK
7KHKLQJHVDQGUROOHUVZHUHLQH[SHQVLYHLWHPVREWDLQHGIURPDORFDOKDUGZDUHVWRUH
/RXLV/6WHHUVDQG(GZLQ-6DOW]PDQ´5HGXFHG7UXFN)XHO&RQVXPSWLRQWKURXJK$HURG\QDPLF'HVLJQµ-RXUQDORI(QHUJ\YROQR
6HSWHPEHU2FWREHU6RPH\HDUVHDUOLHUVPDOOPRGHOVRIIDLUHG&2(WUDFWRUWUDLOHUVKDGEHHQWHVWHGLQZLQGWXQQHOVE\ERWK
WKH8QLYHUVLW\RI0DU\ODQGDQG*HQHUDO0RWRUVEXWQHLWKHUWHVWHGDIXOOVFDOHYHUVLRQRQWKHURDG6HH$:LOH\6KHUZRRG8QLYHUVLW\RI
0DU\ODQG:LQG7XQQHO5HSRUW1R:LQG7XQQHO7HVWRI7UDLOPRELOH7UDLOHUV8QLYHUVLW\RI0DU\ODQG:LQG7XQQHO'HSDUWPHQW&ROOHJH
3DUNDQG+DUROG)O\QQDQG3HWHU.\URSRXORV*HQHUDO0RWRUV&RUSRUDWLRQ´7UXFN$HURG\QDPLFVµSUHVHQWHGDWWKH6$(,QWHUQD
WLRQDO&RQJUHVVDQG([SRVLWLRQRI$XWRPRWLYH(QJLQHHULQJ-DQXDU\DQGSXEOLVKHGLQ6$(7UDQVDFWLRQVYRO
$VEHIRUHWKHWUXFNZDVD:KLWH)UHLJKWOLQHUFDERYHUHQJLQHZLWKDVOHHSHUFRPSDUWPHQW7KHWUDLOHUZDVDGXDOD[OHVPRRWKVLGHZDOO
W\SHDQGWKHFRPELQDWLRQZHLJKHGSRXQGV
DJDLQVWWKHWUDLOHU7KLVHQVXUHGWKDWWKHVHDOUHPDLQHG
LQWDFWDWDOOWLPHV7KRXJKDVRPHZKDWIDPLOLDUVKDSH
WRGD\WKHWUXFNORRNHGOLNHQRWKLQJHOVHRQWKHURDG
DWWKHWLPH
%HWZHHQWKHVXPPHURIDQGWKHVSULQJRI
WKLVQHZO\FRQÀJXUHGWHVWYHKLFOHZDVVXEMHFWHGWRWKH
VDPHPLOHORRSDVWKHSUHYLRXVDIWHUPDUNHWFRQ
ÀJXUDWLRQVKDGEHHQ)ROORZLQJWKHXVXDOFRDVWGRZQ
PHWKRGRIHVWDEOLVKLQJEDVHGUDJIRUWKHFRPELQDWLRQ
EHIRUHDQGDIWHUPRGLÀFDWLRQWKHHQJLQHHUVVHQWGULY
HUVRXWZLWKWKHWUXFNIRUIXHOFRQVXPSWLRQWHVWV$JDLQ
WKH\ VHQW DORQJ DQ DOPRVW LGHQWLFDO EXW XQPRGLÀHG
WUDFWRUWUDLOHUXQLWIRUFRPSDULVRQDQGGULYHUVRIERWK
WUXFNV VWD\HG LQ FRPPXQLFDWLRQ WR HQVXUH FRPPRQ
VKLIWLQJDQGWKHOLNH)RUWKHLUHIIRUWV6DOW]PDQ·VWHDP
HDUQHGDSHUFHQWGHFUHDVHLQDHURG\QDPLFGUDJRYHU
WKHXQDGXOWHUDWHGWUDFWRUWUDLOHUDWDQDYHUDJHVSHHGRI
7KHVHWZRLPDJHVVKRZWKHQHZO\IDLUHGWUDFWRUDWWDFKHGWRWKHWUDLOHU7KHÀUVWUHYHDOVWZRQRWDEOHLWHPVWKH
GUDPDWLFFKDQJHIURPDQDEUXSWDQGDHURG\QDPLFDOO\´GLUW\µFDERQWKH%DW7UXFNOHIWDQGWKHFRPSOHWHO\
HQFORVHGH[KDXVWVWDFNDIHDWXUHWKDW\LHOGVUHDODHURG\QDPLFEHQHÀWV7KHVHFRQGLPDJHULJKWLOOXVWUDWHVD
1$6$ÀUVWWKHFRPSOHWHO\VHDOHGFDEWRWUDLOHUJDS7KHVLGHSDQHOVZHUHKLQJHGDQGVSULQJORDGHGWRSHUPLW
WKHPWRÁH[DVWKHWUXFNWXUQHGFRUQHUVDIHDWXUHWKDWÀUVWDSSHDUHGLQWKH%DW7UXFN
1$6$          ((

PSKDQGRQO\VOLJKWO\OHVVDWVORZHUVSHHGV7KH
WHVWVVKRZHGDUHGXFWLRQLQWRWDOGUDJIRUWKHKLJKO\
PRGLÀHGULJRISHUFHQWDWPSKDQGDERYH\LHOG
LQJDUHGXFWLRQLQQHFHVVDU\SRZHUDWPSKDQG
PSKUHVSHFWLYHO\RIDQGKRUVHSRZHU7KH)5&
JURXS·VPRGLÀFDWLRQV WUDQVODWHG LQWRFRQVHUYDWLYHO\
PHDVXUHGLPSURYHPHQWVLQIXHOFRQVXPSWLRQRI´ 
LQOLJKWZLQGFRQGLWLRQVDQGLQQHDUFDOPFRQGL
WLRQVZKLOHRSHUDWLQJDWPSKµ7REHVXUHZURWH
6WHHUVDQG6DOW]PDQ WKHVHÀJXUHVZRXOGYDU\ZLWK
KLJKHUZLQGVDQGVWURQJHUFURVVZLQGV
3OHDVHGZLWKWKHLUVXFFHVVWKHHQJLQHHUVVHWDERXW
7KLVVLGHYLHZRIWKHPRGLÀHGWUDFWRUWUDLOHUFRPELQDWLRQDWULJKWHPSKDVL]HVKRZQLFHO\IDLUHGWKHWUDFWRULV
DVZHOODVWKHFKDQJHVWRWKHIURQWRIWKHFDEHVSHFLDOO\ZKHQFRPSDUHGWRHLWKHUWKH%DW7UXFNRUWRLWVVWRFN
FRXQWHUSDUWSDUNHGDORQJVLGH
1$6$            (
/RXLV/6WHHUVDQG(GZLQ-6DOW]PDQ´5HGXFHG7UXFN)XHO&RQVXPSWLRQ7KURXJK$HURG\QDPLF'HVLJQµ-RXUQDORI(QHUJ\YROQR
6HSWHPEHU2FWREHU
,ELG
,ELG
6WHHUVDQG6DOW]PDQ´5HGXFHG7UXFN)XHO&RQVXPSWLRQWKURXJK$HURG\QDPLF'HVLJQµ-RXUQDORI(QHUJ\DQG5$6HUYDLV´$Q
([SHULPHQWDODQG$QDO\WLFDO,QYHVWLJDWLRQRI7UXFN$HURG\QDPLFVµ3URFHHGLQJVRIWKH&RQIHUHQFH:RUNVKRSRQ5HGXFWLRQRI$HURG\
QDPLF'UDJRI7UXFNV:DVKLQJWRQ'&1DWLRQDO6FLHQFH)RXQGDWLRQ2FWREHU
)URQWYLHZVRIWKHKLJKO\IDLUHGWUDFWRUVKRZLQJWKHVPRRWKFXUYDWXUHRIWKHFDE·VIURQWDVZHOODVWKHPHWKRG
RI DWWDFKLQJ VHFWLRQV RI WKH À[WXUH WRPDNH WKH VWUXFWXUH DFFHVVLEOH DQG UHPRYDEOH1RWH WKDW WKH UDGLDWRU
GRRULVFORVHGLQWKHÀUVWLPDJHOHIWDQGDVNXQNKDVEHHQFR\O\DIÀ[HGWRWKHWUXFN·VWRSULJKWKRPDJHWR
/RFNKHHG·VZHOONQRZQVHFUHWUHVHDUFKXQLWWKH6NXQN:RUNV
1$6$          ((
 Shifting the Paradigm
ZULWLQJIRUPDOUHSRUWVRIWKHLUUHVHDUFKERWKIRUWKHLU
SHHUVDQGIRUDODUJHUDXGLHQFH7KHFHQWHUDOVRXQ
GHUWRRNSURPRWLRQDOZRUNVHQGLQJRXWQHZVUHOHDVHV
DERXWWKHWUXFNDQGWKHUHVXOWV7KLVZDVDIWHUDOOZKDW
1$6$GRHVZLWKLWVUHVHDUFK
0HDQZKLOHLQODWHD\RXQJJUDGXDWHVWXGHQW
IURPWKH&DOLIRUQLD3RO\WHFKQLF8QLYHUVLW\6DQ/XLV
2ELVSRMRLQHGWKH)5&WUXFNUHVHDUFKWHDP5DQGDOO
3HWHUVHQZDVDVVLJQHGWRWKH6KRHER[WHVWYHKLFOHWR
FRQGXFWDERDWWDLOVWXG\+LVZRUNZDVWREHSDUWRI
KLVPDVWHU·VWKHVLV7XIWLQJVWXGLHVVKRZHGWKDWZKHQ
WKHYHKLFOH·VIURQWFRUQHUVZHUHURXQGHGWKHDLUÁRZ
UHPDLQHGDWWDFKHGWRWKHVLGHRIWKHYDQVRPHWKLQJ
FRQVLGHUHGGHVLUDEOH IRU DHURG\QDPLFLVWV VLQFH WKLV
PHDQVWKHÁRZLVVPRRWKDQGLVQRWJHQHUDWLQJGUDJ
SURGXFLQJYRUWLFHV.QRZLQJDWKLQJRUWZRDERXWWKH
VKDSHRI DHURG\QDPLFDOO\ HIÀFLHQW DQG LQHIÀFLHQW
YHKLFOHVWKHJURXSKDGWKHIDEULFDWLRQVKRSFUDIWDQG
DWWDFKDERDWWDLOWRWKH6KRHER[7KLVLVDVKDSHWKDW
WDSHUVQHDUO\WRDSRLQWGUDZLQJWRJHWKHUWKHYHKLFOH·V
IRXU VOLJKWO\ FXUYHG VXUIDFHV WR D QHJOLJLEOH FURVV
VHFWLRQDODUHD7KHSRLQWZDVWRKHOSFRD[WKHDLUWR
PHUJHDWWKHDIWHQGRIWKHYDQDQGHOLPLQDWHWKHYDQ·V
ORZEDVHSUHVVXUH7RWKH)5&HQJLQHHUV·VDWLVIDFWLRQ
WKH WXIWLQJ UHVHDUFKJXLGHGE\3HWHUVHQVKRZHG WKH
DLUIROORZLQJWKHVKDSHRIWKHERDWWDLOIRUWKHPRVW
SDUW8QH[SHFWHGO\WKHWHVWVVKRZHGWKDWWKHDLUÁRZ
UHPDLQHGDWWDFKHGXSWRDSRLQWZHOODORQJWKHIDLULQJ
DIWHUZKLFKLWVHSDUDWHG7KLVPHDQWWKH\FRXOGFXWRII
WKHERDWWDLODWWKHSRLQWRIVHSDUDWLRQZLWKRXWVDFULÀF
7KUHHLPDJHVRIWKHQRZFRPSOHWHO\PRGLÀHGWUDFWRUXQLWSULRUWRWHVWLQJ7KHLPDJHDWOHIWWDNHQIURPWKHUHDU
VKRZVWKHH[WHQWRIWKHIDLULQJDERYHWKHFDEDVZHOODVWKHPDQQHULQZKLFKWKHIDLULQJH[WHQGVRYHUWKHJDSVHDO
EHWZHHQFDEDQGWUDLOHU7KDWJDSVHDOLVDWWDFKHGWRWKHWUDFWRU·VIUDPHQRWWKHWUDLOHU7KHPLGGOHLPDJHVKRZV
WKHQHZYDODQFHLQLWVORZHUHGSRVLWLRQZKLOHDOVRLOOXVWUDWLQJWKHGLIIHUHQFHEHWZHHQLWDQGWKHROGEXPSHU7KH
LPDJHDWULJKWUHYHDOVMXVWKRZFRPSOHWHO\URXQGHGWKHQHZFDELVZKHQFRPSDUHGWRWKHROGVWUXFWXUHYLVLEOH
EHQHDWKWKHDOXPLQXPDQG3OH[LJODVDQGVKRZVWKHORZHUHGYDODQFH
1$6$         (((
7KHVHWZRLPDJHVVKRZWKH6KRHER[LQLWVÀUVWDQG
VHFRQGSKDVHV$WWRSWKHYHKLFOH·VHGJHVPHHWDW
GHJUHHV%HORZWKHIRXUYHUWLFDOFRUQHUVKDYHEHHQ
JLYHQDUDGLXV7KHHIIHFWVRIWKLVDUHHYLGHQWLQWKH
WXIWVRI\DUQDWWDFKHGWRWKH6KRHER[·VVLGH7RSWKH\
DUHVSOD\HGLQDOOGLUHFWLRQVLQGLFDWLQJFKDRWLFDLU
ÁRZERWWRPWKH\ÁRZIDLUO\XQLIRUPO\
1$6$     (

LQJVLJQLÀFDQWGUDJUHGXFWLRQVKRUWHQLQJWKHRYHUDOO
OHQJWK7KHERDWWDLOUHGXFHGWKHYHKLFOH·VDHURG\QDPLF
GUDJDQRWKHUSHUFHQWHYHQLQLWVWUXQFDWHGIRUP
7KH )5& UHVHDUFK UHVXOWVZHUH H[WHQGHGZKHQ
UHVHDUFKHUV DW WKH8QLYHUVLW\ RI.DQVDV FRQGXFWHG
DGGLWLRQDO WHVWV XVLQJ WKDW LQVWLWXWLRQ·VZLQG WXQQHO
7KH6KRHER[H[WHQVLYHO\PRGLÀHGIRUHDQGDIW2QFHDYHKLFOHZLWKÁDWVLGHVDQGGHJUHHFRUQHUVLWQRZKDG
ERWKDIURQWDQGDEDFNWKDWZHUHGUDPDWLFDOO\FXUYHG9LVLEOHEHKLQGVRPHRIWKHDOXPLQXPLVWKHRULJLQDOYDQ
7KHOHYHUDWWKHIURQWFRQQHFWVWRDVKDIWWKDWUHDFKHVWKHGULYHUDQGHQDEOHVKLPWRRSHQWKHGRRUWRSURYLGH
DLUWRWKHUDGLDWRU
1$6$            (
DQGDIDLUO\DFFXUDWHVFDOHSODVWLFPRGHORIWKH
WUDFWRUWUDLOHU XQLW XVHG E\6DOW]PDQ·V WHDP 7KLV
IROORZHGUHVHDUFKDWWKHXQLYHUVLW\·VZLQGWXQQHOZLWK
PRGHOVRIWKHFHQWHU·VPRGLÀHG6KRHER[WR´ LPSURYH
DLUÁRZRYHUWKHIURQWWRS>DQG@ERWWRPDQGLQYHVWL
JDWHPHDQV RI UHGXFLQJ WKH EDVH SUHVVXUHµ EH\RQG
,QLWVÀQDOFRQÀJXUDWLRQWKH6KRHER[KDGDERDWWDLODWWDFKHGWRLW7HVWLQJSURYHGWKDWKDYLQJWKHHQWLUHERDWWDLO
ZDVXQQHFHVVDU\VLQFHDLUÁRZEHJDQWRVHSDUDWHIURPLWVVXUIDFHEHIRUHUHDFKLQJWKHWLS7KHVHWZRLPDJHV
VKRZWKHIXOOERDWWDLODVZHOODVWKHSRLQWRIVHSDUDWLRQULJKWDQGWKHWUXQFDWHGERDWWDLOOHIW
1$6$
 Shifting the Paradigm
WKDWZKLFKWKH1$6$HQJLQHHUVKDGDFKLHYHG7KH
8QLYHUVLW\RI.DQVDVJURXSOHGE\SURIHVVRU9LQFHQW
0XLUKHDGDQGZRUNLQJXQGHUDFRQWUDFWIURP1$6$
ZDQWHGWRH[DPLQHERWKWKHHIIHFWVRIVLGHZLQGVRQ
WKH WUDFWRUWUDLOHU XQLWV LQ D FRQWUROOHG HQYLURQPHQW
DQGGHULYDWLYHPRGHOLQJ7KH\VWDUWHGE\HVWDEOLVKLQJ
EDVHOLQHGUDJGDWD IRU WKHPRGHO DQGSURFHHGHG WR
DGGIDLULQJVRIGLIIHUHQWNLQGVWHVWLQJHDFKQHZFRQ
ÀJXUDWLRQLQWKHZLQGWXQQHO+DYLQJUHSURGXFHGWKH
1$6$FRQÀJXUDWLRQVDWLVIDFWRULO\WKH.DQVDVJURXS
WKHQDSSOLHGLWVRZQH[SHULPHQWDOIDLULQJV7KH\DGGHG
VLGHSDQHOVEHWZHHQWKHERWWRPRIWKHWUDLOHUDQGWKH
9LQFHQW80XLUKHDG$Q,QYHVWLJDWLRQRI'UDJ5HGXFWLRQRQ%R[6KDSHG*URXQG9HKLFOHV/DZUHQFH8QLYHUVLW\RI.DQVDV&HQWHUIRU
5HVHDUFK,QFDOVRLVVXHGDV1$6$&5
6KHULGDQDQG*ULHU'UDJ5HGXFWLRQ2EWDLQHGE\0RGLI\LQJD6WDQGDUG7UXFNDQG5DQGDOO/3HWHUVHQ'UDJ5HGXFWLRQ2EWDLQHGE\
WKH$GGLWLRQRID%RDWWDLOWR%R[6KDSHG9HKLFOH(GZDUGV&$1$6$&5DQG9LQFHQW80XLUKHDG$Q,QYHVWLJDWLRQ
RI'UDJ5HGXFWLRQIRU7UDFWRU7UDLOHU9HKLFOHV(GZDUGV&$1$6$&52FWREHU
URDGXOWLPDWHO\HQFDVLQJWKHWUDLOHU·VXQGHUERG\DQG
FORVLQJWKDWJDS7KH\HYHQZHQWVRIDUDVWRFRYHUWKH
UHDUZKHHOVRIWKHWUDLOHUZLWKVLGHSDQHOV,QLWVÀQDO
FRQÀJXUDWLRQWKH\DSSOLHGDURXQGHGERDWWDLO WR WKH
EDFNRIWKHWUDLOHUPXFKDVKDGWKH1$6$HQJLQHHUV
RQWKH6KRHER[)RULWVPRVWDHURG\QDPLFDOO\IDLUHG
FRQÀJXUDWLRQ WKHLUH[SHULPHQWVVKRZHGDQDHURG\
QDPLFGUDJUHGXFWLRQMXVWVK\RISHUFHQWLQDZLQG
OHVVHQYLURQPHQWSHUFHQWZKHQDVLGHZLQGEOHZ
RQWKHXQLW7KLVÀJXUHZLWKLWVDWWHQGDQWUHGXFWLRQ
LQIXHOFRQVXPSWLRQZDVVWDUWOLQJ%DVHGRQWKHGUDJ
UHGXFWLRQVRIWKH)5&·VKLJKO\IDLUHGWUDFWRUWUDLOHU
$URXQG WKH VDPH WLPH WKDW FHQWHU HQJLQHHUV WHVWHGDIWHUPDUNHW DGGRQGHYLFHV IRU WKH'R7 F  WKH\
GHFLGHGWRWU\VRPHPRGLÀFDWLRQVWRWKHFHQWHU·VVWDWLRQZDJRQOHIW7KHHIIRUWZDVDLPHGDWFRQWUROOLQJWKH
DLUÁRZDWWKHIURQWRIWKHFDUWKHUHE\LQÁXHQFLQJLWVSURJUHVVLRQDURXQGWKHFDU7KHEOXQWIURQWWKDWH[WHQGV
EHORZWKHVWDQGDUGEXPSHUDQGYDODQFHLVFRPPRQRQPRGHUQDXWRPRELOHVEXWLWKDGRQO\EHJXQWRDSSHDU
RQ UDFHFDUV RI WKH HUD DQG HYHQ WKHQ VXFKD YDODQFHGLG QRW DOZD\V VSDQ WKHZLGWK RI WKH FDU$ VLPLODU
DUUDQJHPHQWDSSHDUVRQWKHWUXFNXVHGLQWKH'R7WHVWVULJKW
1$6$          ((&

7KH1$6$ IXHOFRQVXPSWLRQ WHVW URXWH GULYHQZLWK
WKHSDLURIWUDFWRUWUDLOHUV7KHURXWHZDVSULPDULO\
RYHU RSHQ URDGV LQFOXGLQJ+LJKZD\  EXW VRPH
RIWKHURXWHWRRNWKHWUXFNVWKURXJKXUEDQDUHDVDV
ZHOO
H[SUHVVHGDV$DQGWKHPRVWKLJKO\IDLUHGPRGHOE\
WKH.DQVDV JURXS WKHPRGHOZLWK WKH ERDWWDLO DQG
XQGHUWUDLOHUIDLULQJH[SUHVVHGDV%DQGDVVXPLQJ
DQDYHUDJHDQQXDOPLOHDJHRIGULYHQE\DQ
LQGHSHQGHQW WUXFNHU WKHVDYLQJVZHUHFDOFXODWHGDV
JDOORQVDQGJDOORQVRIGLHVHOIXHOSHU\HDU
IRU$DQG%UHVSHFWLYHO\,Q6DOW]PDQKLPVHOI
QRWHGWKDWLIMXVWWKHWUDFWRUWUDLOHUPRGLÀFDWLRQVDS
SOLHGWR'U\GHQ·VIXOOVFDOHWHVWYHKLFOHZHUHDGRSWHG
E\WKHQDWLRQ·VWUXFNLQJLQGXVWU\LWFRXOGVDYH
PLOOLRQEDUUHOVRIRLOD\HDU
9LQFHQW80XLUKHDGDQG(GZLQ-6DOW]PDQ´5HGXFWLRQRI$HURG\QDPLF'UDJDQG)XHO&RQVXPSWLRQIRUWUDFWRU7UDLOHU9HKLFOHVµ
-RXUQDORI(QHUJ\YROQR6HSWHPEHU2FWREHU
6DOW]PDQҋVFRPPHQWVDUHDWWDFKHGWR1$6$7HFKQRORJ\1RWHV´/RZ'UDJ7UXFN'HVLJQ7HVWHGE\1$6$µ1$6$$PHV5HVHDUFK
&HQWHUQG$WWKHWLPHWKH)OLJKW5HVHDUFK&HQWHUKDGEHHQLQFRUSRUDWHGLQWRWKH$PHV5HVHDUFK&HQWHUKHQFHWKHUHOHDVHFDPH
IURPWKH$5&
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Chapter Six
Technology Transfer
7KHFRQWLQXHGHFRQRPLFDQGHPRWLRQDOSUHVVXUHRI
WKHJDVFULVLVIHGLQWHUHVWLQWKH1$6$UHVHDUFKDQG
LW WRRNUHPDUNDEO\ OLWWOH WLPHIRUQHZVRI'U\GHQ·V
UHVXOWVWREHJLQÀOWHULQJEH\RQGWKHSURIHVVLRQDOMRXU
QDOVDQGLQWRWKHSRSXODUPHGLD,QWKH)OLJKW
5HVHDUFK&HQWHUZDVUHQDPHGWKH+XJK/'U\GHQ
)OLJKW5HVHDUFK&HQWHU LQ KRQRU RI+XJK'U\GHQ
GLUHFWRURIWKH1$&$IURPXQWLOWKHFUHDWLRQRI
1$6$LQDQGSHUKDSVWKHPRVWVLJQLÀFDQWIRUFH
EHKLQGWKHUHDOL]DWLRQRIWKH;
,Q$SULO&DUDQG'ULYHUPDJD]LQHSXEOLVKHG
´3URMHFW$HURG\QDPLF9DQ7U\LQJWR7XUQD6KRHER[
LQWRD6OLSSHUµDQDUWLFOHUHFRXQWLQJWKHZULWHU·VHIIRUWV
DWLPSURYLQJWKHDHURG\QDPLFVRIDW\SLFDOSDVVHQJHU
YDQ5HÁHFWLQJ WKH SUHVVLQJ LVVXH RI WKH GD\³WKH
SULFH RI JDV³'RQ6KHUPDQEHJDQ WKH DUWLFOHZLWK
WKLQZLW´)RUDOORIXVZKRFDQ·WOLVW.LQJ)DLVDODVD
SHUVRQDOIULHQGIXHOHFRQRP\LVDPRXQWLQJFRQFHUQµ
)URPTXDFNVWRVHULRXVLQWHUHVWHGSDUWLHVKHDGGHG
HYHU\RQHZDV DWWDFNLQJ WKH SUREOHPDIWHU ´DÁXUU\
RIUHFHQWDFWLYLW\LQWKLVÀHOGH[WHQGLQJIURP1$6$
UHVHDUFKµ)RUWKHLUSDUW6KHUPDQDQGDFUHZIURPWKH
PDJD]LQHGHFLGHGWRWHVWDKRVWRIGHYLFHVDQGWKHRULHV
IURPSRSXODULGHDVWRXQLYHUVLW\GDWD7KH\VHOHFWHGD
VWDQGDUGSDVVHQJHUYDQDQGEHJDQWKHLUWHVWV
2XUIRQGHVWKRSHVZHUHIRUWKHPRVWLQYROYHG
DOWHUDWLRQVZHDWWHPSWHG:LQGWXQQHOWHVWLQJ
DWWKH8QLYHUVLW\RI8WDKKDGGHPRQVWUDWHG
WUHPHQGRXVUHGXFWLRQLQGUDJXSWRSHU
FHQWRQODUJHVHPLWUDLOHUWUXFNVE\DGGLQJ
DKRUL]RQWDOURRIGXFWWRWKHWUDLOHU7KHLGHD
LVWRFDWFKKLJKSUHVVXUHDLUÁRZLQJXSZDUG
DFURVV WKHZLQGVKLHOGRI WKH WUDFWRU RU WKH
OHDGLQJ HGJH RI WKH WUDLOHU DQG WR GXFW LW
UHDUZDUGDQGHPSW\LWLQWRWKHORZSUHVVXUH
DUHDFUHDWHGLQWKHZDNHRIDQ\ER[OLNHREMHFW
PRYLQJWKURXJKWKHDLU
'RQ6KHUPDQ´3URMHFW$HURG\QDPLF9DQ7U\LQJWR7XUQD6KRHER[LQWRD6OLSSHUµ&DUDQG'ULYHU$SULO
,ELG
,ELG
6R6KHUPDQDQGKLVWHDPEXLOWDGXFWIURPSO\ZRRG
DQGDOXPLQXPVKHHWLQJWKDWVQDJJHGDLUDKHDGRIWKH
ZLQGVKLHOGDQG UDQ LW DORQJ WKH URRI WKHQ WXUQHG LW
GRZQZDUGDWWKHEDFNRIWKHYDQ,WZHLJKHG
OEV´ ,QVWHDGRIGUDJUHGXFWLRQZHIRXQGWKHURRIGXFW
FUHDWHGKXJHSHQDOWLHV&RPSDUHGWRWKHEDVHYDQLW
DGGHG DERXW  SHUFHQW LQ DHURG\QDPLF GUDJ³DO
PRVWDVLIWKH8QLYHUVLW\RI8WDK·VZLQGWXQQHOKDG
PLVSODFHGDPLQXVVLJQµ6KHUPDQGLGDGPLWWRWKH
OLNHOLKRRGKRZHYHUWKDWWKHFUHZ·VRZQGXFWGHVLJQ
DQGFRQVWUXFWLRQZHUHPRUHDWIDXOWWKDQWKHLGHDLWVHOI
7KHLUQH[WPRGLÀFDWLRQZDVDVPRRWKEHOO\SDQDW
WDFKHGWRWKHXQGHUVLGHRIWKHIURQWRIWKHYDQ,QDGG
LQJWKHSDQ6KHUPDQQRWHGWKDW1$6$H[SHULPHQWHUV
KDGLGHQWLÀHGDJDLQRISHUFHQWZLWKWKLVWHFKQLTXH
&DUDQG'ULYHU·V UHVXOWV GLGQ·WPDWFK WKHZRUNE\
WKH1$6$UHVHDUFKHUVEXWWKHEHQHÀWRI´DVPRRWK
XQGHUVLGHZDV REYLRXVµZURWH 6KHUPDQ 3HUKDSV
WKHLUZRUNZDVQ·WDVPHWLFXORXVDV WKHHIIRUWDW WKH
)5&1H[WRQWKHOLVWRIFKDQJHVZDVDQDIWHUPDUNHW
QRVHVSRLOHUPDGHE\.DUYDQPRXQWHGWRWKHIURQW
RIWKHYDQXVLQJLWWKH\IRXQGDGLVDSSRLQWLQJGUDJ
LQFUHDVHRISHUFHQW
7KHPRGLÀFDWLRQ WKDW DFKLHYHG WKH EHVW UHVXOWV
ZDV GLVFRYHUHG WKURXJK RQH RI WKHLU RZQ H[SHUL
PHQWV7KH\UHPRYHGWKHYDQ·VWZRRXWVLGHPLUURUV
DQG IRXQG WKDW GRLQJ VR \LHOGHG D  SHUFHQW GURS
LQ DHURG\QDPLF GUDJ³PRUH WKDQ IURP DQ\ RWKHU
PRGLÀFDWLRQDWWHPSWHG´ 'LGZHVROYHWKHSUREOHP"µ
DVNHG6KHUPDQ´)UDQNO\QR³EXWRXUWHVWLQJGLG
UHYHDOVHYHUDOVHHPLQJO\JRRGLGHDVWKDWVLPSO\GRQ·W
ZRUNDVZHOODVDIHZDUHDVWKDWFDQGHOLYHUDJHQXLQH
ERRVWLQKLJKZD\IXHOHFRQRP\µ:LWKRXWGRXEWWKH
OHVVWKDQVFLHQWLÀFQDWXUHRIWKHVHWHVWVLQÁXHQFHGWKH
UHVXOWVEXWWKHHIIRUWZDVPRUHWKDQZKLPV\'HVSLWH
D WRQJXHLQFKHHNZULWLQJ VW\OH 6KHUPDQ DQG KLV
JURXSZHUH WU\LQJWRDGGUHVVDVHULRXV LVVXHZKLOH
GUDZLQJSRSXODUDWWHQWLRQWRWKHIDFWWKDWDOWHULQJD
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YHKLFOH·VDHURG\QDPLFVFRXOGLQGHHGKDYHDQHIIHFW
RQWKHSRFNHWERRN
&RPLQJHYHQFORVHURQWKHKHHOVRIWKHZRUNDWWKH
)5&ZDVDVWXG\GRQHE\3HWHU/LVVDPDQRIWKHÀUP
$HUR9LURQPHQW,QF LQ&DOLIRUQLD/LVVDPDQDQGD
WHDPEHJDQZRUNLQDQGSXEOLVKHGWKHLUUHVXOWVLQ
DSDSHUJLYHQLQWLWOHG´ 'HYHORSPHQWRI'HYLFHV
WR5HGXFH WKH$HURG\QDPLF5HVLVWDQFHRI7UXFNVµ
´,WLVDPDWWHURILQWHUHVWµEHJDQ/LVVDPDQ´WKDWWKH
DHURG\QDPLFGUDJRIURDGYHKLFOHVFRQVXPHVDERXW
RIWKHHQWLUHHQHUJ\FRQVXPHGLQWKH8QLWHG6WDWHVµ
/LWWOH WKLQJVFRXQWHGZKHQ LW FDPH WRDHURG\QDPLF
GUDJDVWKHXQVFKRROHG6KHUPDQDQGKLVJURXSDW&DU
DQG'ULYHUGLVFRYHUHG6LPSO\UHPRYLQJWKHUDLQJXW
WHUVIURPDURXQGWKHGRRUVRID9RONVZDJHQ.DUPDQ
*KLDFRXOGUHGXFHWKHFDU·VDHURG\QDPLFGUDJQRWHG
/LVVDPDQ
,Q$HUR9LURQPHQWWRRNDWUDFWRUWUDLOHUDVVHP
EO\WR(O0LUDJH'U\/DNHLQ&DOLIRUQLD·V+LJK'HVHUW
UHJLRQDQGZLWKWKHSHUPLVVLRQRIWKH%XUHDXRI/DQG
0DQDJHPHQWGURYHWKHWUXFNRQWKHODNHEHGDQDOPRVW
SHUIHFWO\ÁDW VXUIDFH$HUR9LURQPHQW XVHG IXQGLQJ
IURPWKH1DWLRQDO6FLHQFH)RXQGDWLRQWRFRQGXFWWKH
WHVWV(QJLQHHUVDSSOLHGDIXOOIDLULQJRYHUWKHFDERI
WKHWUXFNPDNLQJLWORRNYHU\PXFKOLNHWKHDVVHPEO\
WKDW)5&WHFKQLFLDQVDSSOLHGWRWKHLUWUDFWRUWUDLOHUXQLW
H[FHSWWKDWWKHIURQWVKRZHGQRUDGLXVHGPHWDOZRUN
7KHJDSEHWZHHQFDEDQGWUDLOHUZDVVHDOHGLQPXFK
WKH VDPHZD\DV LW KDGEHHQGXULQJ WKH)5& WHVWV
$HUR9LURQPHQW WHVW UHVXOWV LGHQWLÀHG D YDULDWLRQ LQ
UHVXOWVEHWZHHQDQGSHUFHQWGHVSLWHEHVWHIIRUWVDW
FRQWLQXLW\LQFRQGLWLRQVHYHQWKRXJKWKHLUWUXFNZDV
FDUHIXOO\DQGH[WHQVLYHO\LQVWUXPHQWHGGUDZLQJFRQ
FOXVLRQVZDVGLIÀFXOW,WFDUULHGDQ+3%FRP
SXWHULQWKHFDEWRPDQDJHLQFRPLQJGDWD7RUHPHG\
WKHSUREOHPWKH$HUR9LURQPHQWWHDPWKHQGURYHWKH
WUXFNWKUHHWLPHVRQDPLOHURDGFRXUVHWRVXEMHFW
WKHLUPRGLÀFDWLRQVWRQRUPDOGULYLQJFRQGLWLRQV7KH\
IRXQGWKDWWKHLUIDLUHGFDEDQGWUDLOHU\LHOGHGDQDHUR
G\QDPLFGUDJUHGXFWLRQRIDSSUR[LPDWHO\SHUFHQW
IRUDIXHOVDYLQJVRISHUFHQW²QRWGLVVLPLODUIURP
)5&UHVXOWV$HUR9LURQPHQWKDGDYDULHW\RIUHVXOWV
ZLWKWKHDIWHUPDUNHWGHYLFHVWKH\WHVWHGUDQJLQJIURP
WRSHUFHQWUHGXFWLRQLQDHURG\QDPLFGUDJEHWZHHQ
FRQÀJXUDWLRQV²PXFKDVWKH1$6$WHDPDWWKH)5&
IRXQGLQLWVHDUOLHULQYHVWLJDWLRQ
,QWHUHVWHG LQZKDW FRXOG EH GRQHZLWK D VPDOOHU
YHKLFOH$HUR9LURQPHQWDWWDFKHGD´ OLSµWRRQHVLQJOH
D[OH WUXFN DQG WHVWHG LW DJDLQVW DQRWKHU ODFNLQJ WKH
PRGLÀFDWLRQV$JDLQWKH\FDUHIXOO\LQVWUXPHQWHGWKH
WUXFNVDQGHYHQSODFHGPHWHUVRQWKHIXHOV\VWHPVWR
PHDVXUHÁRZUDWHVDVZHOODVHQJLQHUSPWKHQGURYH
WKHWZRWUXFNVLQFURVVZLQGVRIXSWRPSK)URP
WKHVHH[SHULPHQWVWKH\OHDUQHGWZRWKLQJVRISDUWLFX
ODULQWHUHVW,QKHDY\FURVVZLQGWKHWUXFNZLWKWKHOLS
PDLQWDLQHG D PSK VSHHGZKLOH WKH RQHZLWKRXW
DQ\PRGLÀFDWLRQZDVXQDEOHHYHQWRUHDFKPSK
$QGWKH\VDZDGURSLQDHURG\QDPLFGUDJRIDERXW
SHUFHQWDVZHOODVDIXHOPLOHDJHJDLQRISHUFHQW
IRUWKHPRGLÀHGWUXFN
:LWK WKH URDG WHVWLQJ GRQH$HUR9LURQPHQW WKHQ
FRQGXFWHGZLQGWXQQHOWHVWVDWWKH&DOLIRUQLD,QVWLWXWH
RI7HFKQRORJ\ &DO7HFK WR YDOLGDWH WKHPRGHOLQJ
ZRUNHGXSRQWKHURDG7KH\SXWLQWRWKHZLQGWXQQHO
VFDOH WUXFNPRGHOV ´LGHQWLFDO WR WKH IXOOVFDOH
YHKLFOHXVHGLQWKHGHVHUWDQGURDGWHVWVµRQO\WRÀQG
WKDW´WKHUHVXOWVRIWKHZLQGWXQQHOWHVWVGLGQRWFRU
UHODWHZHOOZLWKWKRVHREWDLQHGLQGLUHFWÀHOGWHVWLQJµ
%XWDVZLWKWKH1$6$WHDPDWWKH)5&$HUR9LURQ
PHQWIRXQGWKDWWKHJDSEHWZHHQFDEDQGWUDLOHUZDV
DPDMRU VRXUFH RI GLVWXUEHG DLU DQG FRQVHTXHQWO\
GUDJ,QFUHDVLQJWKHVSDFHEHWZHHQWUDFWRUDQGWUDLOHU
7KHDUWLFOHGLGQRWVD\KRZWKHWHDPHVWDEOLVKHGDEDVHOLQHIRUWKHYDQҋVHIÀFLHQF\EXWUHPRYLQJWKHH[WHULRUPLUURUVZDVLQIDFWD
WDFWLFRWKHUVDOVRWULHGZLWKUHDOEHQHÀW
3%6/LVVDPDQ´'HYHORSPHQWRI'HYLFHVWR5HGXFHWKH$HURG\QDPLF5HVLVWDQFHRI7UXFNVµ6RFLHW\RI$XWRPRWLYH(QJLQHHUV
DQQXDOPHHWLQJ6HDWWOH:$$XJXVW$WDPHHWLQJKHOGRQWKH&DOWHFKFDPSXVLQ3DVDGHQD&$$HUR9LURQPHQW
SUHVHQWHGUHVXOWVRILWVUHVHDUFKWRWKDWSRLQW6FKHQFN´1HZ)RFXVRQ$LU'UDJµ7UDLOHU%RG\%XLOGHUV1RYHPEHU
7KHUHLVQRLQGLFDWLRQWKDW6KHUPDQNQHZRI/LVVDPDQҋVUHVHDUFKRUFRQFOXVLRQVDERXWPLUURUV7KHDUWLFOHUHIHUVWR´UHPRYLQJZHDWKHU
VWULSSLQJµEXWD'U\GHQHQJLQHHUIDPLOLDUZLWKWKHH[SHULPHQWDQGZLWKWKH/LVVDPDQZRUNDVVXUHVWKHDXWKRULWZDVUDLQJXWWHUV
/LVVDPDQ´'HYHORSPHQWRI'HYLFHVWR5HGXFHWKH$HURG\QDPLF5HVLVWDQFHRI7UXFNVµ
,ELG
,ELG6DOW]PDQH[SUHVVHGKLVRZQUHVHUYDWLRQVDERXWWKHYDOXHRIZLQGWXQQHOVLQFDVHVVXFKDVWKLVRQHDVZHOODVKLVVNHSWLFLVPRYHU
FRPSXWDWLRQDOÁXLGG\QDPLFVPRGHOLQJVLQFHQHLWKHUDGHTXDWHO\PLPLFVUHDOZRUOGFRQGLWLRQV6DOW]PDQLQWHUYLHZZLWKDXWKRU$SULO


LQFUHDVHVDLUUHVLVWDQFH&RQYHUVHO\QDUURZLQJWKHJDS
IURPWRLQFKHVFDQLPSURYHIXHOHFRQRP\E\DV
PXFKDVSHUFHQWEH\RQGDQ\JDLQVDOUHDG\DFKLHYHG
ZLWKDGGRQDHURG\QDPLFGHYLFHV
$HUR9LURQPHQW DGGHG D OLS WR WKH WRS IURQW RI D
VHPL·VWUDLOHUDQGDIWHUGULYLQJLWIRXQGDQDHURG\QDPLF
GUDJUHGXFWLRQRIURXJKO\SHUFHQWDQGIXHOVDYLQJV
RISHUFHQW%XWWKH\IDUHGEHWWHUZKHQSXWWLQJWKHOLS
RQWKHWRSRIWKHVLQJOHD[OHWUXFNLQWKDWFDVHWKH\
HDUQHGDSHUFHQWUHGXFWLRQLQDHURG\QDPLFGUDJDQG
DSHUFHQWLPSURYHPHQWLQIXHOPLOHDJH
)RU WKHVKLHOGRQ WKH WUDFWRUXQLW$HUR9LURQPHQW
HQJLQHHUVRSWHGWRGHYLVHDVFUHHQUDWKHUWKDQDIÀ[D
VROLGVKDSH7KHLUORJLFZDVWKDW\DZHIIHFWVRQWKH
WUDLOHUFUHDWHGE\VLGHZLQGVZKHQDGGHGWRWKHDLU
SUHVVXUHGLIIHUHQWLDOEHWZHHQWKHWRSRIWKHFDEDQG
WKHWUDLOHUDQGWKHQHDUO\ÁXVKVLGHVRIWKHWUDFWRUDQG
WUDLOHUFRPELQHGWRPDNHÁRZVHSDUDWLRQDUHDOSURE
OHP$SODWHDWRSWKHFDEWKHUHIRUHIXOORIURXQGKROHV
DQGZLWKYDQHVRQHLWKHUVLGHZRXOGDOORZVRPHDLUWR
HQWHUWKHDUHDMXVWEHKLQGWKHFDEDQGUDLVHWKHSUHV
VXUHHQRXJKWRFRXQWHUWKHW\SLFDOORZSUHVVXUH]RQH
LQWKDWDUHDZKLFKZDVVXVFHSWLEOHWRWKHEXIIHWLQJRI
\DZHIIHFWVRQWKHWUDFWRUDQGWUDLOHU7KHUHVHDUFKHUV
EHOLHYHGWKDWWKHVHSHUIRUDWLRQVZRXOGODUJHO\QHJDWH
WKH SUREOHPV DIÁLFWLQJ WKH WUXFN DQG WUDLOHU DVVHP
EO\7KH\ WHVWHG DPRGHO LQ D IRRWZLQG WXQQHO
DQGIRXQGDQSHUFHQWUHGXFWLRQLQGUDJDOWKRXJK
/LVDPDQQTXLFNO\UHPLQGHGKLVUHDGHUVRI WKHULVNV
LQH[WUDSRODWLQJWRRPXFKIURPZLQGWXQQHOWHVWV,Q
FDOPZLQGVWKH\IRXQGDUHGXFWLRQRISHUFHQWLQ
DHURG\QDPLFGUDJGXULQJUROOLQJWHVWVWKHLUHTXLYDOHQW
RIWKHFRDVWGRZQPHWKRG7KHZLQGZDVDVLJQLÀFDQW
IDFWRU/LVDPDQDGPLWWHGQRWLQJWKDWRQDQRWKHUQLJKW
ZLWKDFURVVZLQGRIDERXWPSKWKHDHURG\QDPLFGUDJ
UHGXFWLRQIHOO:KHQFRPSDUHGWRWKHÁDWSODWHW\SHRI
GHÁHFWRUWKH\IRXQGWKHSRURXVYHUVLRQVXSHULRUQRW
WRPHQWLRQTXLHWHUEHFDXVHRIWKHUHGXFWLRQLQ´FDE
URRIµEDQJLQJWKDWFDPHIURPZLQGEXIIHWLQJ
,QGXVWU\5HVSRQVH
%DVHGRQWKHLQLWLDOFRQIHUHQFHSUHVHQWDWLRQPDGH
E\WKH)5&WHDPLWZDVDSSDUHQWHYHQE\WKHQWKDW
UHGXFLQJWKHJDSEHWZHHQFDEDQGWUDLOHUZDVLPSRUWDQW
ÀOOLQJWKHJDSKDVWKHVDPHHIIHFW7KLVVHQWLPHQWZDV
UHÁHFWHGLQWKHFRPPHQWVRIRWKHUVLQWKHÀHOGDVZHOO
´7KHJDSLVHVSHFLDOO\LPSRUWDQWLQFURVVZLQGVLWXD
WLRQVVLQFHÁRZWKURXJKWKHJDSFDQWRWDOO\ZLSHRXW
JDLQVWKDWDUHPDGHLQKHDGZLQGV>IDLULQJRIWKHIRUH
ERG\@µ7KHDIWHUERG\ZLOOEHLJQRUHGZURWHMRXUQDOLVW
3DXO6FKHQFNVLQFHLWQHHGHGWREHIXQFWLRQDO´VRWKH
DWWHQWLRQLVEHLQJIRFXVHGIDUWKHUIRUZDUGµ
1RW VXUSULVLQJO\ SRSXODU LQWHUHVW LQ LPSURYLQJ
WKH HIÀFLHQF\RI ORQJKDXO YHKLFOHV VSDZQHGRWKHU
DWWHPSWV VLPLODU WR WKRVHZULWWHQDERXWE\&DUDQG
'ULYHUPDJD]LQHVRPHDPDWHXULVKVRPHJURXQGHG
LQ H[SHULPHQWV(YHQ EHIRUH1$6$HQJLQHHUV KDG
ÀQLVKHGPRGLI\LQJWKHLUWUDFWRUWUDLOHUXQLWWKHUHZHUH
QHZDIWHUPDUNHWSURGXFWVJDUQHULQJDWWHQWLRQ6RPH
ZHUH IDPLOLDU VXFK DV WKH$LUVKLHOG2WKHUVZHUH
LPDJLQDWLYHLIDELWRGG
$GHYLFHGXEEHGWKH%DWPRELOHEHFDXVHLWXQIROGHG
DFFRUGLRQOLNHWRÀOOWKHJDSEHWZHHQFDEDQGWUDLOHU
ZLWKÀOOHWVUHPLQLVFHQWRIWKH%DWPRELOH·VÀQVDEOH
WRÁH[DVWKHFDEPDGHWXUQVZDVRQHH[DPSOH'ULYHUV
XVLQJWKHV\VWHPUHSRUWHGIXHOVDYLQJVRIWRSHU
FHQWEXWLWZDVQRWHGWKDW´WKHVHVDYLQJVZRXOGKDYH
EHHQFRQVLGHUDEO\PRUHLIWKHGULYHUVKDGQRWWULHGWR
HPXODWH%DWPDQ·VVSHHG:KHQDQXQGHUSRZHUHGULJ
JHWVDERRVWIURPDGUDJUHGXFWLRQGHYLFHWKHGULYHUV
LPPHGLDWHO\ WU\ WR LQFUHDVH VSHHGZKLFKZLSHVRXW
WKHIXHOVDYLQJVµ
/DXUD&UDFNHO´6WUHWFKLQJ7KH/LPLWVµ2YHUGULYHKWWSZZZHWUXFNHUFRPDSSVQHZVDUWLFOHDVS"LG DFFHVVHG-XQH
7KH)5&HQJLQHHUVKDGWULHGDQDIWHUPDUNHWSURGXFWVLPLODUWRWKLVRQHDFXUYHGGHYLFHWKDWUDQWKHZLGWKRIWKHWUDLOHUEXWVDWIRUZDUG
RILWE\LQFKHVDQGOHIWDLQFKJDSEHWZHHQLWDQGWKHWUDLOHUWRS6HH'HYLFH'LQ/RXLV/6WHHUV/DZUHQFH&0RQWR\DDQG(GZLQ
-6DOW]PDQ´$HURG\QDPLF'UDJ5HGXFWLRQ7HVWVRQD)XOO6FDOH7UDFWRU7UDLOHU&RPELQDWLRQDQGD5HSUHVHQWDWLYH%R[6KDSHG*URXQG
9HKLFOHµSDSHUSUHVHQWHGDWWKH6RFLHW\RI$XWRPRWLYH(QJLQHHUVDQQXDOPHHWLQJ6HDWWOH:$$XJXVW6$(3XEOLFDWLRQ1R
S7KH)5&WHVWUHVXOWVVKRZHGRQO\SHUFHQWGUDJUHGXFWLRQZLWKWKLVGHYLFH
/LVVDPDQ´'HYHORSPHQWRI'HYLFHVWR5HGXFHWKH$HURG\QDPLF5HVLVWDQFHRI7UXFNVµ
6FKHQFN´1HZ)RFXVRQ$LU'UDJµ7UDLOHU%RG\%XLOGHUV6DOW]PDQIHOWWKDWDOOWKHH[SHULPHQWHUVRIWKHSHULRGVNLUWHGZRUN
RQUHGXFLQJEDVHGUDJDIWHUERG\EHFDXVHRIWKHWUXFNLQJLQGXVWU\ҋVZLGHVSUHDGXVHRIDIWGRRUVWRDFFRPPRGDWHZDUHKRXVHORDGLQJ
GRFNV6DOW]PDQWR*HO]HUQRWHVRQPDQXVFULSWGUDIW
6FKHQFN´1HZ)RFXVRQ$LU'UDJµ7UDLOHU%RG\%XLOGHUV
 Technology Transfer
7KH$HURVSDQ&RUSRUDWLRQPHDQZKLOH RIIHUHG D
´WHQWOLNHFUHDWLRQRIKHDY\GXW\UHLQIRUFHGIDEULFRQ
DIUDPHµWKDWPRXQWHGWRWKHUDLQJXWWHUUDLOVRIWKH
WUXFN·VFDE,WORRNHGOLNH´DVKDSHOHVVWDUSDXOLQµWKH
SURGXFWDGYHUWLVHPHQWDFNQRZOHGJHGXQWLOWKHWUXFN
EXLOWXSVSHHG7KHQDGXFWDWWKHIURQWRIWKHFRQ
WUDSWLRQIRUFHGDLULQWRWKHIDEULFEDJDQGSUHVWRDQ
LQÁDWDEOHDLUGDPRSHQHGXS7KHFRPSDQ\FODLPHG
DSHUFHQWIXHOVDYLQJVZLWKWKHGHYLFHDQGDGGHG
WKDW LWV FROODSVLEOH QDWXUHPHDQW LWZRUNHGZHOO LQ
FURVVZLQGV$HURVSDQ&RUSRUDWLRQ FDOFXODWHG WKDW
WKHLUGHYLFHZRXOGDSSHDOWRDOOWKRVHGULYHUVZKRVH
WUXFNVKDGEHHQPDQXIDFWXUHG WRRHDUO\ IRU IDFWRU\
DHURG\QDPLFPRGLÀFDWLRQVEXWZKRVWLOOZDQWHGWKH
EHQHÀWVRIVXFKIHDWXUHV
2YHUGULYHWKHVHOIVW\OHG´YHKLFOHRIWKH$PHULFDQ
WUXFNHUµFDWHUHGWRWKHLQGHSHQGHQWRSHUDWRU2QHRI
LWVUHJXODUIHDWXUHVZDVD´ GLVVHFWLRQµDUWLFOHLQFOXGHG
DFFRUGLQJWRWKHSXEOLVKHUWRYHULI\WKHWUXWKDERXWD
SURGXFW ,Q2FWREHU WKHPDJD]LQH UDQ D VWRU\
DERXWDGGRQGHYLFHVIRUWUXFNVWLWOHG´ 2YHUGULYH)RLOV
$HURG\QDPLF:LQG'HÁHFWRUµ
,Q WKDW VSLULW WKHPDJD]LQHDVNHG IRU D VDPSOHRI
&DPSHU)ORZ:LQGEUHDNHU·V DLU GDP EHIRUH WKH
PDJD]LQHZRXOG DFFHSW LWV DGYHUWLVHPHQW DQG WKHQ
WHVWHG WZR RI WKH FRPSDQ\·V FDEPRXQWHG VKLHOGV
QRWLQJ HDVH RU GLIÀFXOW\ RI LQVWDOODWLRQ DQG HIIHF
WLYHQHVV7KHPDJD]LQHH[FRULDWHGWKHFRPSDQ\IRU
VORSS\PDUNHWUHVHDUFKQHDUO\LPSRVVLEOHJXDUDQWHH
WHUPVDQGDSRRUFRPPRGLW\,WQHLWKHUFRQÀUPHGQRU
UHIXWHGKRZHYHUWKHSURGXFW·VDOOHJHGDHURG\QDPLF
LPSURYHPHQWV
7KHSURGXFWZDVVLPSO\DWULDQJXODUVWUXFWXUHÁDW
RQDOOVLGHVWKDWWKHRZQHUDWWDFKHGWRWKHURRIRIWKH
FDEXVLQJWKHUDLQJXWWHUVFODVSVDQGVXFWLRQFXSV
´,WPD\ZHOOUHVXOWLQDIXHOVDYLQJEXW2YHUGULYH
MXVWFDQQRWLPDJLQHDQLQGHSHQGHQWWUXFNHUVSHQGLQJ
IRUDQHZWUDFWRUZLWKVKDUSSDLQWGHVLJQDQG
FKURPHRSWLRQVDQGWKHQDWWDFKWKLV¶URRIUDFN·W\SH
RIGHYLFHWRWKDWWUXFNµ$OWKRXJKWKHSURGXFWPLJKW
ZHOOLPSURYHPLOHDJHWKHGHVLJQZDVLQFRQYHQLHQW
WRVD\WKHOHDVWLWZDVDOOEXWLPSRVVLEOHWRUXQDURRI
PRXQWHGDLUFRQGLWLRQHURQ WKH&2(WRZKLFK WKH\
ÀWWHGWKHVKLHOGDQGÁLPV\LQLWVDWWDFKPHQW
*LYHQZKDW1$6$DQGRWKHUUHVHDUFKHUVIRXQGRXW
DERXWDLUGDPVLWLVTXHVWLRQDEOHZKHWKHUWKH:LQG
EUHDNHUZRXOGKDYHEHHQYHU\HIIHFWLYHDQGHTXDOO\
TXHVWLRQDEOHZKHWKHUDQ\RQHZRXOGKDYHEHHQDEOH
WRFODLPDUHIXQGLILWZDVQ·W%XWLWLVDPHDVXUHRI
WKHEXUJHRQLQJLQWHUHVWLQGHYLFHVWRLPSURYHWKHHI
ÀFLHQF\RIORQJKDXOWUXFNVWKDWDPDJD]LQHZRXOG
DVHDUO\DVUXQVXFKDQLQYHVWLJDWLYHDUWLFOHLQ
WKHKRSHVRIIRLOLQJFRQDUWLVWV
,Q HDUO\  WKH:KLWH)UHLJKWOLQHU FRPSDQ\
GHFLGHGWRWHVWDFROOHFWLRQRISRWHQWLDODHURG\QDPLF
LPSURYHPHQWVWRWUXFNVLQDQRSHUDWLQJHQYLURQPHQW
7KHFRPSDQ\VHQWWZRULJVRXWRQDPLOHUXQ
IURP,QGLDQDSROLV,QGLDQDWR3RUWODQG2UHJRQWKHQ
GRZQWR&KLQR&DOLIRUQLDEDFNWR3RUWODQGDQGKRPH
WR ,QGLDQDSROLV7KH WUXFNV SXOOHG LGHQWLFDO WUDLOHUV
ORDGHGZLWKWKHVDPHZHLJKW(DFKWUXFNKDGDFUHZ
RIWZRGULYHUVWKDWFKDQJHGULJVHYHU\HLJKWKRXUVWR
UHGXFHWKHHIIHFWV WKDW LQGLYLGXDOKDELWVPLJKWKDYH
RQWKHRXWFRPH:KLOHWKH\URGHLQSUR[LPLW\WRRQH
DQRWKHUWKH\VWD\HGIDUHQRXJKDSDUWWRDYRLGGUDIWLQJ
DQGFKDQJHGSODFHVHYHU\PLOHVLQDIXUWKHUHIIRUW
WREDODQFHWKHWHVW7KH\HYHQÀOOHGWKHWUXFNVIURP
WKHVDPHSXPSVZKHQWKH\IXHOHGWRPDNHVXUHWKHLU
LQWDNHZDVDWOHDVWHTXDOO\PHWHUHG
7KHORQHGLIIHUHQFHEHWZHHQWKHWZRWUDFWRUVZDVLQ
WKHLUVHWXS2QHKDGQRPRGLÀFDWLRQVDWDOOWKHRWKHU
FDOOHGWKH(QHUJ\VDYHUULJEHQHÀWHGIURPUDGLDOWLUHV
D VOLJKWO\ LPSURYHG HQJLQH WKDW UDQ USP ORZHU
WKDQWKHVWRFNWUDFWRUZKLOHPDNLQJWKHVDPHVSHHGD
7KHUPDWLFIDQWKDWHQJDJHGRUGLVHQJDJHGGHSHQGLQJ
RQHQJLQHWHPSHUDWXUHLQVWHDGRIUXQQLQJFRQVWDQWO\
DQGD5XGNLQ:\OLH$LUVKLHOGDQG9RUWH[6WDELOL]HU
RQWKHFDEDQGWUDLOHUQRVH
,QDGGLWLRQWRKHOSLQJGULYHUVGHWHUPLQHWKDW WKH\
SUHIHUUHGWKHGULYLQJFKDUDFWHULVWLFVRIWKHPRGLÀHG
WUXFN´,WKDQGOHGPXFKEHWWHUWKDQWKHVWDQGDUGULJµ
WKH H[SHULPHQW \LHOGHG DPLOHDJH LPSURYHPHQW RI
SHUFHQWRYHUWKHPLOHFRXUVHDUHPDUNDEOH
ÀJXUH
,ELG
´2YHUGULYH)RLOV$HURG\QDPLF:LQG'HÁHFWRUµ2YHUGULYH2FWREHUYROQR
,ELG
´7KH1HZ0LOHDJH0LVHUVµ7KLVZDVDEURFKXUHIURP+'7+HDY\'XW\7UXFNLQJ0DUFKWKDWRULJLQDOO\DSSHDUHGDVDQDUWLFOH
LQWKHVDPHPDJD]LQH7KH,QWHUQDWLRQDO+DUYHVWHUWUXFNFRPSDQ\FRQGXFWHGLWVRZQWHVWVZLWKDFRPSDQ\ULJDQGFODLPHGEHQHÀWVRI
WRSHUFHQWIXHOVDYLQJVVDYLQJVFRQVLGHUDEO\JUHDWHUWKDQWKRVHRIWKHLUFRPSHWLWRULQDVPXFKDV,+HPSOR\HGWKHVDPHPRGLÀFDWLRQV
ULJKWGRZQWRWKH$LUVKLHOG

7KHVSHFLÀFVIRUWKHFRXUVHZHUHDVIROORZV
7UXFN 6WDQGDUG 0RGLÀHG
)XHOXVHG JDO JDO
)XHOPLOHDJH PSJ PSJ
$W D JDOORQ WKH FRPSDQ\ H[SHFWHG D GULYHU
ZRXOGVDYHDVPXFKDVDQQXDOO\LIKHGURYH
PLOHVSHU\HDU³PRUHWKDQHQRXJKWRSD\IRU
WKHDIWHUPDUNHWPRGLÀFDWLRQV LQ WKHÀUVW\HDU HVWL
PDWHGWRFRVWDERXWUHWDLO$VWRU\LQ)DPLO\
6DIHW\PDJD]LQHLQWKHVXPPHURIUHFRXQWHGD
WHVWFRQGXFWHGE\8QLWHG3DUFHO6HUYLFHZLWKDSDLU
RIWUXFNVWKDWPDGHLGHQWLFDOWULSVRQDORRSDURXQG
&ROXPEXV2KLRRQHDWPSKWKHRWKHUDWPSK
7KHVORZHUWUXFNXVHGURXJKO\SHUFHQWOHVVIXHO
%\ WKLV WLPH WKH QDWLRQDO VSHHG OLPLWZDV PSK
HVWDEOLVKHGE\WKH1L[RQDGPLQLVWUDWLRQLQDQG
WKHWHVWPHUHO\XQGHUVFRUHGWKHUHDVRQIRUWKHORZHU
VSHHGOLPLW
7KH5\GHU7UXFN6\VWHPEXLOWWHQSURWRW\SHWUDFWRUV
PLQGIXORIWKHJURZLQJIXHOFULVLV7KHXQLWVZHUHVWLOO
VODEVLGHG EXW LQVWHDG RI ODUJH VHFWLRQV RI WKH FDE
SRVLWLRQHGSHUSHQGLFXODUWRWKHPRWLRQRIWKHWUXFN
WKHFDE·VODUJHÁDWIDFHWVZHUHDQJOHGWREHWWHUVXJ
JHVWDZHGJHOLNHREMHFWJRLQJWKURXJKWKHDLU7KH
ÀUPGLGQRWDGRSWWKHGHVLJQKRZHYHUDQGWKHWUXFNV
HYHQWXDOO\GLVDSSHDUHGIURPWKHURDG
6WLOOUHDFWLRQDPRQJWUXFNPDQXIDFWXUHUVWRWKHVH
GHYHORSPHQWVZDV JUDGXDO ,Q SDUW WKLV LV EHFDXVH
UHWRROLQJDSURGXFWLRQOLQHDVZHOODVFRPSOHWLQJWKH
HQJLQHHULQJZRUNIRUDQHZYHKLFOHWDNHVFRQVLGHUDEOH
WLPH ,Q WKHFDVHRI WKH.HQZRUWK7UXFN&RPSDQ\
ZKDWEHFDPHWKHQHZDQGDHURG\QDPLFWUXFNHYROYHG
LQÀWVDQGVWDUWVDQGLWZDVQHDUO\WHQ\HDUVEHIRUHLWV
ÀUVWFRPPHUFLDOO\DYDLODEOHVWRFNDHURG\QDPLFWUXFN
UHDFKHG WKHPDUNHW7KDW WUXFNPDUNHG WKH WXUQLQJ
SRLQWLQWKHLQGXVWU\UHJDUGLQJDWWHQWLRQWRHIÀFLHQF\
DQGDHURG\QDPLFV.HQZRUWKLQWURGXFHGWKH7LQ
DQGWKHWUXFNERUURZHGIURP1$6$·VUHVHDUFK
HYHQZKLOH WKH FRPSDQ\ FRQGXFWHG LWV RZQZLQG
WXQQHOVWXGLHV7KH7ZDVUDGLFDOE\WKHVWDQGDUGRI
WKHGD\DQRWKHUUHDVRQWUXFNVGLGQRWVXGGHQO\VSURXW
QHZVKDSHVLQ0RUHRYHUWKH7GLGQRWLQFRU
SRUDWHDOOWKHPRGLÀFDWLRQV1$6$KDGGHPRQVWUDWHG
WREHXVHIXO$V/DUU\2UUFKLHIHQJLQHHUDW.HQZRUWK
UHFDOOHGWKLQNLQJWKHQHZGHVLJQZDVOLNHO\WRPHHW
UHVLVWDQFHVRKHVWDUWHGRXWFRQVHUYDWLYHO\´:HKDG
RWKHU LGHDVZKLFKZRXOGKDYHPDGH WKH7HYHQ
PRUHUDGLFDOORRNLQJ%XWZHGLGQ·WZDQWWRLQWURGXFH
WRRPXFKWRRVRRQµ
.HQZRUWK·V7ZDV LQGHHG D UDGLFDOORRNLQJ
WUXFN EXW LWV HIILFLHQF\ZDV WKH VHOOLQJ SRLQW³D
FODLPHGSHUFHQW IXHOPLOHDJH LPSURYHPHQWRYHU
WKH:%IURPZKLFKLWGHULYHG$PRQJWKHÀUVWWR
FRPPLW WR WKHQHZGHVLJQZDV&RQWUDFW)UHLJKWHUV
,QF &),RI-RSOLQ0LVVRXULDÁHHWRSHUDWRUZLWK
VRPHWUXFNVPRYLQJDURXQGWKHFRXQWU\LQ
2WKHUV WRR IRXQG WKH QHZGHVLJQ·V IXHO HIÀFLHQF\
FRPSHOOLQJHQRXJK WKDWE\ WKHHQGRI LWVÀUVW\HDU
RQ WKHPDUNHW WKH7 FRQVWLWXWHG  SHUFHQW RI
.HQZRUWKWUXFNVDOHV7KHQXPEHULVQRWVXUSULVLQJ
FRQVLGHULQJWKHGHVLJQRIIHUHGWKHFKDQFHWRUHGXFH
DQ RSHUDWRU·V ODUJHVW DQQXDO H[SHQVH³IXHO³E\
SHUFHQWDQG WKH W\SLFDO ORQJKDXOGULYHUPLJKWZHOO
EX\JDOORQVRIGLHVHOLQD\HDU
7KHUROH WKDWÁHHWRSHUDWRUVSOD\HGLQDFFHSWDQFH
RIWKHQHZDHURG\QDPLFGHVLJQFDQQRWEHRYHUVWDWHG
IRULQVSLWHRIWKHORJLFEHKLQGWKHQHZGHVLJQGULYHUV
7KHSHUJDOORQFRVWRIGLHVHOIXHOGDWHVIURPDSXEOLFDWLRQ)RUSHUVSHFWLYHRQHKDVRQO\WRFRQVLGHUWKHSRWHQWLDOVDYLQJV
DVVRFLDWHGZLWKDQLPSURYHPHQWRIPLOHVSHUJDOORQLQWKHFRQWH[WRIFXUUHQWIXHOSULFHV7KDWÀJXUHZRXOGQRWLQFRUSRUDWH
LPSURYHPHQWVPDGHVLQFHRIFRXUVH
)DPLO\6DIHW\0DJD]LQHVXPPHUYROQR
´7KH6KDSHRI7UXFNVWR&RPHµ7UDLOHU%RG\%XLOGHUV7KHÀUVWWUDFWRUZDVGHVLJQHGDQGEXLOWE\'HDQ+REEHQVLHINHQKLPVHOIDWUXFN
GULYHU+HHYHQWXDOO\VROGWKHWUXFNWRWKH5\GHU&RUSRUDWLRQZKLFKFRPPLVVLRQHGDÀUPWREXLOGWHQPRUHWKDWZHUHXVHGLQRYHUWKH
URDGWHVWV7KRXJKWKHQHZWUDFWRUKDGEHWZHHQDQGSHUFHQWOHVVGUDJWKDQFRPSDUDWLYHWUDFWRUVGHSHQGLQJRQZLQGGLUHFWLRQ
WKHLPSURYHPHQWZDVQҋWHQWLUHO\GXHWRWKHQHZVKDSH5HORFDWHGUDGLDWRUVKDGFRROLQJIDQVWKDWUDQRQO\RQGHPDQGDQGWKHWUXFN
LWVHOIUDQRQYHU\GLIIHUHQWWLUHVDQGZKHHOVWKDQGLGLWVFRPSHWLWRUV7KHWUDFWRUDOVRZHLJKHGOHVVWKDQWKHVWDQGDUGWUDFWRURIWKHSHULRG
EHFDXVHRIOLJKWHUFRPSRQHQWVDQGDQRYHUDOOZHLJKWUHGXFWLRQHIIRUW1RQHRIWKLVGLVFUHGLWHG+REEHQVLHINHQҋVFRQFHSWRUWKHJDLQV
UHDOL]HGPDQ\RIZKLFKSUHVDJHGWKRVHRIODWHUGHVLJQV
´+DOIVDLGLWZDVWKHPRVWXQXVXDOWUXFNWKH\HYHUVDZVRPHMXVWVKRRNWKHLUKHDGVµUHFDOOHG/DUU\2UU´.HQZRUWKҋV7²$/RRN
%DFNDWWKH7UXFNWKDW%URNHWKH0ROGµ/DQG/LQH0DJD]LQH
,ELG
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ZHUHQRWHVSHFLDOO\KDSS\DERXWWKHQHZWUXFN·VVKDSH
´,KDGVRPHGULYHUVFRPHLQWRP\RIÀFHOLWHUDOO\LQ
WHDUVWKUHDWHQLQJWRTXLWLI,PDGHWKHPGULYHZKDWWKH\
FDOOHGWKH¶DQWHDWHU·µUHFDOOHG*OHQQ%URZQSUHVLGHQW
RI&),´7KH\ZHUHULEEHGLQWUXFNVWRSVDQGRQWKH
&%µIRUGULYLQJWKHPRGHO7KLVZDVDVLPLODUUHDFWLRQ
WKHGULYHURIWKHRULJLQDO1$6$FDERYHUKDGHQGXUHG
ZKHQ WDNLQJ WKHPRGLÀHG WUXFNRQ LWV URDG WHVW WHQ
\HDUVEHIRUH7KDWVDPHVHQWLPHQWKDGVXUIDFHGHYHQ
HDUOLHUZLWK*HQHUDO0RWRUV·QHZ$VWURD&2(
GHVLJQIURPZLWKURXQGHGFRUQHUVDQGDVPDOO
DLUGDPRQWKHURRIZLWKFRPSRXQGFXUYHVFRUQHUV
,ELG´,UHFRJQL]HGWKDWLWZDVLQQRYDWLYHDQGGLIIHUHQW:HZHUHORRNLQJIRUZD\VWRLPSURYHRXUHIÀFLHQFLHVDQGGHFLGHGWRRUGHU
RIWKHWUXFNVµVDLG%URZQ´:HZHUHKRSLQJWKDWWKHQHZGHVLJQRIWKH7ZDVVRPHWKLQJZHFRXOGXVHWRJHWDKHDGVWDUWRQWKH
UHVWRIWKHLQGXVWU\,WZDVGHÀQLWHO\DJDPEOHWREHWKHÀUVWLQWKHPDUNHWWRSXWWKHWUXFNRQWKHURDGEXWLWSURYHGRXW7RGD\&),KDV
.HQZRUWK7VLQLWVÁHHW:KDWҋVPRUHWKHFRPSDQ\LVVRIRQGRIWKH7WKDWLWVWLOOKDVWKHYHU\ÀUVW7LWSXUFKDVHGEDFNLQ
µ´&%µLVDFRQWUDFWLRQRI&LWL]HQ%DQGUDGLRDV\VWHPRIVKRUWGLVWDQFHUDGLRFRPPXQLFDWLRQLQWKH0+]EDQGZLWKFKDQQHOV
DQGVHWDVLGHVSHFLÀFDOO\IRUXVHE\WKH86SXEOLF&%VEHFDPHLPPHQVHO\SRSXODUHYHQEHIRUHWKHJDVFULVLVEHJDQLQEHFDXVH
WKHIHGHUDOJRYHUQPHQWLPSRVHGDVSHHGOLPLWRIPSKRQQDWLRQDOURDGV&%VHQDEOHGGULYHUVRIWUXFNVDQGFDUVWRVKDUHLQIRUPDWLRQ
DERXWVSHHGWUDSVDQGIHDWXUHGSURPLQHQWO\LQDQXPEHURIVRQJVDQGPRWLRQSLFWXUHVRIWKHSHULRG
6FKHQFN´1HZ)RFXVRQ$LU'UDJµ
UHPLQLVFHQWRIWKH1$6$6KRHER[GHVLJQEXWZKLFK
ZDVE\QRPHDVXUHUDGLFDO´7KH*0&$VWURKDV
DPRUHVWUHDPOLQHGVKDSHWKDQWKHER[\FDEVRIWKH
SUHVWLJHQDPHVµQRWHG6FKHQFN´EXWPDQ\GULYHUV
SUHIHUWKHWRXJKORRNLQJEUDZQ\KDLU\FKHVWHGER[
RYHU WKHJHQWOHFXUYHVRI WKH$VWURFDEµ1HYHUWKH
OHVVWKHSXUFKDVLQJSRZHURIÁHHWRSHUDWRUVDQGWKHLU
JHQHUDOLQGLIIHUHQFHWRWKHLUWUXFNV·DSSHDUDQFHVDQG
SHUFHLYHGPDQOLQHVVFRPSDUHGZLWKWKHLULQWHUHVWLQ
WKHERWWRPOLQHPDGHWKHPDNH\IDFWRULQWKHJURZ
LQJSRSXODULW\RIWKHQHZVKDSHVRIORQJKDXOWUXFNV
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Chapter Seven
Depressed Cows
1RWORQJDIWHUWKHUHOHDVHRIWKHWHDP·VGDWDLQWKH
IRUP RI1$6$ UHSRUWV DUWLFOHV DQG SDSHUV JLYHQ
DWSURIHVVLRQDOFRQIHUHQFHV6DOW]PDQWRRNDSKRQH
FDOOIURP'U)OR\G+RUQD7H[DV$	08QLYHUVLW\
SURIHVVRUZLWKH[WHQVLYHOLQNVWRWKH86'HSDUWPHQW
RI$JULFXOWXUH,QWHUHVWHGLQWKH'U\GHQHQJLQHHUV·UH
VXOWV+RUQH[SUHVVHGFRQFHUQDERXWXQDQWLFLSDWHGFRQ
VHTXHQFHVUHVHUYDWLRQVGHULYLQJIURPKLVRZQZRUN
ZLWK WKH OLYHVWRFN LQGXVWU\7KH QRZDHURG\QDPLF
WUDFWRURIZKLFKWKHHQJLQHHUVDW'U\GHQZHUHULJKWO\
SURXGZRXOGKHVXJJHVWHGSRVHDWKUHDWWROLYHVWRFN
LQWUDQVLWVLQFHLWSURPLVHGWRVPRRWKWKHSDVVDJHRI
DLUDURXQGWKHWUDLOHU+RUQIHDUHGWKLVZRXOGUHGXFH
WKHÁRZRIDLULQWRWKHWUDLOHUZLWKDGYHUVHHIIHFWVRQ
WKHFDWWOH
+RUQ·VFRQFHUQZDVQRWDEVWUDFW WKH ORVV WR OLYH
VWRFNIDUPHUVIURP´VKLSSLQJIHYHUµWRWDOHGEHWZHHQ
DQGPLOOLRQDQQXDOO\LQGROODUVDQG
RQO\VOLJKWO\OHVVLQWKH\HDU+RUQDSSURDFKHG
6DOW]PDQ)XUWKHUPRUHWKHFRVWWROLYHVWRFNKDXOHUV
DQGRZQHUVZDVQRWPHDVXUHGVWULFWO\LQWKHQXPEHURI
GHDWKVSHUWULS$QRWKHUIDFWRUZDVWKHHIIHFWWKHMRXU
9LQFHQW80XLUKHDG$Q,QYHVWLJDWLRQRIWKH,QWHUQDODQG([WHUQDO$HURG\QDPLFVRI&DWWOH7UXFNV(GZDUGV&$1$6$&5

$W\SLFDOOLYHVWRFNWUDLOHUFLUFD
1$6$            ,0*
 Depressed Cows
QH\KDGXSRQWKHZHLJKWRIWKHFDWWOHRQUHDFKLQJWKHLU
GHVWLQDWLRQDVZHOODVWKHTXDOLW\RIWKHPHDWERWK
VXIIHUHGPHDVXUDEO\$VODWHDVWKH´VKULQNDJHµ
UDWHYDULHGIURPWRSHUFHQWIRUWUXFNHGOLYHVWRFN
VRPHWKLQJHVSHFLDOO\VLJQLÀFDQWVLQFHZHLJKWLVDFHQ
WUDOIDFWRULQWKHSXUFKDVHSULFHIRUFDWWOHDWDEDWWRLUV
$ 1DWLRQDO&DWWOHPDQ·V$VVRFLDWLRQ UHSRUW
QRWHG WKDW ´VKLSSLQJ IHYHUµ DFFRXQWHG IRU D  WR 
SHUFHQWORVVRIVWRFNGXULQJDQGLPPHGLDWHO\IROORZLQJ
WUDQVSRUW7KHFDXVHLVFRPSOH[EXWWKHFRQWULEXWLQJ
IDFWRUVDUHFOHDUHQRXJK´RYHUKHDWLQJXQHYHQYHQ
WLODWLRQ>DQG@XQIDYRUDEOHDLUFRPSRVLWLRQGXVWDQG
IXPHVGXHWRLQJHVWLRQRIDQLPDOJHQHUDWHGPRLVWXUH
DQGDPPRQLDYDSRUµDSXQJHQWGHVFULSWLRQLQGHHG
7KLVGLGQRWLQFOXGHWKHVWUHVVHQGXUHGE\WKHDQLPDOV
GXULQJWKHWULSDGGHGWKHUHSRUWRUVWUHVVWRPRWKHUV
GXHWRVHSDUDWLRQIURPFDOYHVEXWZDVRQO\DUHVXOW
RIPHDVXUDEOHIDFWRUV
 ´%RYLQH UHVSLUDWRU\ GLVHDVH %5' WKH SURSHU
WHUP IRU ´VKLSSLQJ IHYHUµ LVZLGHO\FRQVLGHUHG WKH
PRVWHFRQRPLFDOO\VLJQLÀFDQWGLVHDVHRIIHGFDWWOHµ
QRWHGDVWXG\7KH$QJXV%HHI%XOOHWLQZURWH
6DOW]PDQLQWHUYLHZZLWKDXWKRU'U\GHQ)OLJKW5HVHDUFK&HQWHU(GZDUGV&$6HSWHPEHU
/DUU\&DJDQ6WDQIRUG5HVHDUFK,QVWLWXWH0HQOR3DUN&$WR%XG+DUWPDQ1$6$+HDGTXDUWHUV:DVKLQJWRQ'&'HFHPEHU
LQWKHSULYDWHFROOHFWLRQRI(GZLQ-6DOW]PDQ
-$+RIIPDQ'56DQGOLQ$3UHOLPLQDU\,QYHVWLJDWLRQRIWKH'UDJDQG9HQWLODWLRQ&KDUDFWHULVWLFVRI/LYHVWRFN+DXOHUV(GZDUGV&$
1$6$&5
´%RYLQH5HVSLUDWRU\'LVHDVH$1HZ/RRNDW&DXVHVDQG6LJQVRI'LVHDVHµKWWSZZZP\FDWWOHFRPKHDOWKXSGDWHVEUGQODFFIPQD
DFFHVVHG2FWREHU´(QYLURQPHQWDOQXWULWLRQDODQGPDQDJHPHQWVWUHVVRUVDUHQRWSULPDU\FDXVHVRI%5'5DWKHUVWUHVVFDXVHV
DULVHLQEORRGOHYHOVRIJOXFRFRUWLFRLGVVXEVWDQFHVZKLFKVXSSUHVVWKHLPPXQHV\VWHP$VZLWK%9'9WKLVVLWXDWLRQDOORZVSDWKRJHQVWR
PRUHHDVLO\HVWDEOLVKDQLQIHFWLRQ(QYLURQPHQWDOVWUHVVRUVLQFOXGHKHDWFROGSDUWLFXODUO\ZKHQZLQGUDLQRUPXGDUHLQYROYHGGXVWDQG
WR[LFIXPHV1XWULWLRQDOVWUHVVRUVLQFOXGHUDWLRQFKDQJHVLUUHJXODUIHHGLQJVFKHGXOHVLQDGHTXDWHDFFHVVWRFOHDQZDWHUDQGSHUKDSVDQHHG
IRUPLFURQXWULHQWVXSSOHPHQWDWLRQ0DQDJHPHQWVWUHVVRUVDUHQXPHURXV:HDQLQJWUDQVSRUWFRPLQJOLQJFURZGLQJDQGSURFHVVLQJDUH
VRPHRIWKHPRVWFRPPRQ'DPDJHWRWKHUHVSLUDWRU\WUDFWFDXVHGE\UHVSLUDWRU\YLUXVHVGLVDUPVWKHDQLPDOҋVLQQDWHGHIHQVHPHFKDQLVPV
$VDUHVXOWEDFWHULDWKDWDUHSUHVHQWLQWKHUHVSLUDWRU\WUDFWDUHDOORZHGWRJURZDQGHVWDEOLVKDQLQIHFWLRQ$FXWRUVFUDSHIRUH[DPSOH
LVPRUHOLNHO\WKDQLQWDFWVNLQWREHFRPHLQIHFWHG7KHQLIWKHDQLPDOLVVWUHVVHGLWVDELOLW\WRRYHUFRPHWKHLQIHFWLRQLVZHDNHQHGDQGWKH
%5'SURFHVVEHJLQVµ6HHKWWSZZZP\FDWWOHFRPKHDOWKXSGDWHVEUGUHFRJQLWLRQFIPDFFHVVHG2FWREHU´5HFRJQLWLRQDQG
7UHDWPHQWRI%RYLQH5HVSLUDWRU\'LVHDVH&RPSOH[µ-RKQ)&XUULQDQG:'HH:KLWWLHU([WHQVLRQ6SHFLDOLVWVDQG3URIHVVRUV9LUJLQLD
0DU\ODQG5HJLRQDO&ROOHJHRI9HWHULQDU\0HGLFLQH9LUJLQLD7HFK3XEOLFDWLRQ1XPEHUSRVWHG$XJXVW
$LUÁRZSDWWHUQVLQDW\SLFDOOLYHVWRFNKDXOHUVKRZLQJDJUHDWGHDORIUHFLUFXODWLRQDQGOLWWOHLQÁRZRIIUHVKDLU
1$6$SDWHQW

WKDWLQ%5'DORQHFRVWFDWWOHPHQPLOOLRQ
$GLVHDVHZLWKPXOWLSOHFRQWULEXWLQJIDFWRUVLWVUHF
RJQLWLRQDQGWUHDWPHQWLVLPSRUWDQWWRWKHHFRQRPLF
ZHOOEHLQJRIFDWWOHSURGXFHUV)DFWRUVLQWKHGLVHDVH·V
GHYHORSPHQWLQFOXGHVKLSSLQJZHDQLQJPL[LQJFDWWOH
IURPPXOWLSOHVRXUFHVZHDWKHUQXWULWLRQDQGVHYHUDO
UHVSLUDWRU\YLUXVHV7KH FDXVH LV OLQNHG WR HQYLURQ
PHQWDOVWUHVVWKDWVHHPVWRWULJJHURQVHW7KRXJKWKH
FDWWOHFDUU\WKHP\FRSODVPDWKHVRXUFHRIWKHGLVHDVH
WKURXJKRXWWKHLUOLYHVWKHEDFWHULDUHPDLQODUJHO\LQ
QRFXRXVXQWLOFLUFXPVWDQFHVFKDQJHIRUWKHKRVW7KH
EDFWHULD ´DZDNHµZKHQ WKH DQLPDO LV XQGHU VWUHVV
VXFKDVGXULQJVKLSSLQJRUZKHQSODFLGLW\LVKHDYLO\
WD[HGE\VRPHRWKHUDIÁLFWLRQDQGLWVLPPXQHV\VWHP
LVZHDNHQHG7KHGLVHDVHRIWHQVKRZVXSLQQXUVLQJ
FDOYHVDQGLQDQLPDOVJDWKHUHGLQIHHGORWVZKHUHWKH\
ZDLWLQKXJHQXPEHUVIRUVKLSSLQJWRVODXJKWHUKRXVHV
$QG RI FRXUVH LWPDQLIHVWV LQ FDWWOH HQ URXWH WR
VODXJKWHUKRXVHV
$OOWKHVHFLUFXPVWDQFHVFDQUHVXOWLQDFDOIGHYHORS
LQJSQHXPRQLDDQGFDOYHVDUHXVXDOO\WKHÀUVWWKRXJK
QRWWKHRQO\RQHVWRVXFFXPE7KHFOLQLFDOVLJQVDUH
XVXDOO\VHHQGD\VDIWHUWKHFDOYHVDUHERXJKWEXW
FDQRFFXUDQ\ZKHUHIURPGD\VDIWHUSXUFKDVH
7KHPRVWFRPPRQDQGHDUOLHVWUHFRJQL]DEOHFOLQLFDO
VLJQRISQHXPRQLDLQFDWWOHLVGHSUHVVLRQ
:LWKWKHRQVHWRIWKHGLVHDVHWKHFRZVEHFRPHGH
SUHVVHGWKHLUKHDGVGURRSWKHLUHDUVKDQJDQGWKHLU
EDFNVVZD\7KHLUEUHDWKLQJEHFRPHVPRUHDXGLEOHDQG
ODERUHGDQGWKH\JRRIIIHHG7KRVHFDWWOHZKRVXIIHU
IURPWKHGLVHDVH³DQGWKH\FDQGLHTXLFNO\DVRQHRI
WKHQDPHVIRUWKHGLVHDVHVXJJHVWV³DUHQHYHUDJDLQDV
KHDOWK\DVEHIRUHHYHQLIWKH\VXUYLYH6WXGLHVVKRZ
WKDWFDWWOHWKDWFRQWUDFW%5'DQGVXUYLYHGRQ·WJURZ
DVPXFKDVWKHLUKHDOWK\FRXQWHUSDUWVRYHUWLPHWKH\
DGGOHVVZHLJKWLQDJLYHQVSDQWKDQZLOOQRUPDOFRZV
DQGDVDUHVXOWWKH\EULQJOHVVDWDXFWLRQDVPXFKDV
OHVVSHUKXQGUHGZHLJKW
7KH XSVKRW IRU 6DOW]PDQ DQG IHOORZ UHVHDUFKHUV
ZDVDQRWKHUFRQWUDFWWKLVWLPHIURPWKH'HSDUWPHQW
RI$JULFXOWXUHWRH[DPLQHWKHTXHVWLRQRIWUDLOHUYHQ
WLODWLRQ7KH'U\GHQ)OLJKW5HVHDUFK&HQWHUIRUE\
$QJXV%HHI%XOOHWLQ6HSWHPEHU
&DOYHVXVXDOO\GHYHORSDEDFWHULDOSQHXPRQLDPRVWRIWHQFDXVHGE\3DVWHXUHOOD+DHPROLWLFD3DVWHXUHOOD0XOWLFLGDDQG+DHPRSKLOXV
6RPQXVDUHDOVRNQRZQWRFDXVHSQHXPRQLD
&DWWOHFDQEHFRPHYLVLEO\GHSUHVVHG6HHKWWSZZZP\FDWWOHFRPKHDOWKXSGDWHVEUGUHFRJQLWLRQFIPDFFHVVHG2FWREHU
$FRQYHQWLRQDOWUDFWRUWUDLORUSXOOLQJDW\SLFDOOLYHVWRFNKDXOHU7KHWUDFWRUPDNHVOLWWOHWRQRFRQFHVVLRQWR
DHURG\QDPLFV
1$6$            ,0*
 Depressed Cows
0DUFKRIWKHFHQWHU·VQDPHKDGFKDQJHGDJDLQ
LQWXUQOHWFRQWUDFWVZLWKUHVHDUFKHUVDWWZRVFKRROV
WKH8QLYHUVLW\RI.DQVDVDQG&DOLIRUQLD3RO\WHFKQLF
6WDWH8QLYHUVLW\6DQ/XLV2ELVSR
/RRNLQJSULPDULO\DWWKHVKDSHRIWKHWUDLOHUDWRSHQ
LQJVLQWRWKHWUDLOHUDQGDWWKHIDLULQJVRQWKHWUDFWRU
UHVHDUFKHUV IURPERWK VFKRROV UHDFKHGFRQFOXVLRQV
VRPHRIZKLFKSURYHGFRXQWHULQWXLWLYH´7KH LQWHQW
ZLWKHDFKVFKRROZDVWRXVHWKHJHQHUDOVKDSHRIWKH
)5&·V ORZGUDJ WUDFWRUDVPHDQVRIFRQWUROOLQJ WKH
QDWXUH RI WKH DLUÁRZ LQWR DQGRXW RI WKH OLYHVWRFN
FRPSDUWPHQWµ7KH VFKRROV DOVR VWXGLHG H[LVWLQJ
OLYHVWRFNKDXOHUVIRUFRPSDULVRQ$IWHUHVWDEOLVKLQJ
GUDJQXPEHUVIRUWKHPRGHOWKH\EHJDQPRGLI\LQJWKH
FRQYHQWLRQDOWUDFWRUDQGPRUHVLJQLÀFDQWO\WKHWUDLOHU
6HH+RIIPDQDQG6DQGOLQ$3UHOLPLQDU\,QYHVWLJDWLRQRIWKH'UDJDQG9HQWLODWLRQ&KDUDFWHULVWLFVRI/LYHVWRFN+DXOHUVDQG9LQFHQW8
0XLUKHDG$Q,QYHVWLJDWLRQRIWKH,QWHUQDODQG([WHUQDO$HURG\QDPLFVRI&DWWOH7UXFNV
6DOW]PDQWR*HO]HUQRWHVRQPDQXVFULSWGUDIW
1$6$7HFKQRORJ\1RWH(QHUJ\(IÀFLHQW/LYHVWRFN+DXOHUZLWK,PSURYHG9HQWLODWLRQ7HPSHUDWXUH&RQWURO1$6$$PHV5HVHDUFK
&HQWHUQG
+RIIPDQDQG6DQGOLQ$3UHOLPLQDU\,QYHVWLJDWLRQRIWKH'UDJDQG9HQWLODWLRQ&KDUDFWHULVWLFVRI/LYHVWRFN+DXOHUVDQG9LQFHQW8
0XLUKHDG$Q,QYHVWLJDWLRQRIWKH,QWHUQDODQG([WHUQDO$HURG\QDPLFVRI&DWWOH7UXFNV(GZDUGV&$1$6$&5
WRLPSURYHWKHDHURG\QDPLFVRIWKHODWWHUZKLOHVWD\LQJ
FORVHWRWKH)5&ORZGUDJWUXFNGHVLJQ
7REHJLQZLWKVHSDUDWLRQDLUÁRZPHDQWKLJKGUDJ
IRU WKH DLU DURXQG WKH WUDLOHUZDV FKDRWLF$LU WKDW
DGKHUHV WR WKH WUDLOHU·VVXUIDFHSURGXFHV ORZHUGUDJ
DQGFDQEHGLUHFWHGDQGFKDQQHOHG7KLVDLUFDQEH
IRUFHGLQWRWKHWUDLOHULQDSODQQHGIDVKLRQEHQHÀWLQJ
WKH FDWWOH7KHLU UHVHDUFK VKRZHG WKDW WKH\ FRXOG
LQFUHDVHWKHHIÀFLHQF\RIWKHWUDFWRUWUDLOHUDHURG\QDP
LFVZKLOH VLPXOWDQHRXVO\ LPSURYLQJ WKH OLYHVWRFN·V
FKDQFHVRIVXUYLYLQJWKHWULS'RLQJVRUHTXLUHGQHZ
ZD\VWRYHQWLODWHWKHWUDLOHUWKHEHVWEHLQJDVLPSOH
´UDPDLUµLQGXFWLRQFRXSOHGZLWKPRGLÀFDWLRQVWRWKH
WUDLOHU VLGHVDQGHQGV WRGLUHFW WKHÁRZRIDLUPRVW
EHQHÀFLDOO\/LYHVWRFNKDXOHUVDUHFRYHUHGZLWKKROHV
7KLVLOOXVWUDWLRQVKRZVDQHQHUJ\HIÀFLHQWOLYHVWRFNKDXOHUZLWKLPSURYHGYHQWLODWLRQDQGWHPSHUDWXUHFRQWURO
1$6$,OOXVWUDWLRQ

RIFRXUVHRQWKHDVVXPSWLRQWKDW WKLVFRQÀJXUDWLRQ
SURYLGHV DW OHDVW DGHTXDWH YHQWLODWLRQ IRU WKH FDWWOH
HLWKHUZKLOHWKHYHKLFOHLVLQPRWLRQRUZKLOHVWDWLRQDU\
%XWWKHUHVHDUFKVKRZHGQRWRQO\WKHFKDRWLFH[WHUQDO
DLUÁRZDURXQGWKHWUDLOHUZKHQLQPRWLRQEXWPRUH
VLJQLÀFDQWO\SRRURIWHQFRXQWHUSURGXFWLYHDLUÁRZLQ
WKHWUDLOHUDLUÁRZWKDWFLUFXODWHGUDWKHUWKDQHQWHUHG
DQGH[LWHG
7KHGHVLJQWKDWUHVXOWHGIURPWKHVWXG\ZDVIRUPRUH
WKDQ MXVWDQHZ WUDFWRU LW LQFOXGHGDQHZ OLYHVWRFN
KDXOHUDVZHOOIRUWKHWZRQHHGHGWRZRUNWRJHWKHU
7KHIDLULQJRYHUWKHFDEKDGGXFWVWKDWIRUFHGDLULQWR
WKHWUDLOHUDQGVL[ODUJH1$&$GXFWVORFDWHGQHDUWKH
IURQWRIWKHWUDLOHUZKLFKZDVER[HGLQFKDQQHOHGDLU
LQWRWKHWUDLOHUDVZHOO/DUJHRULÀFHVORRNLQJOLNHSRUW
KROHVVSUHDGRXWDFURVVWKUHHTXDUWHUVRIWKHWUDLOHU·V
OHQJWKDOOWKHZD\WRWKHUHDUWKHURRIRIWKHWUDLOHU
HQWLUHO\ VHDOHG7KH UHVXOW ORRNHG OLNH QR OLYHVWRFN
KDXOHULQH[LVWHQFH³FDELQFOXGHG,Q6DOW]PDQ
UHFHLYHG D86 SDWHQW IRU WKH OLYHVWRFN WUDLOHU WKH
GHVLJQRIZKLFKKHSOD\HGWKHSLYRWDOUROHLQGHYHORS
LQJ)XUWKHUPRUHVHYHUDOUHSRUWVIURPWKHVHUHVHDUFK
SURMHFWVRXWOLQHGWKHUHVXOWVDQGWKHUHWKHPDWWHUOD\
13 This may well be the !rst time that the tractor and trailer were conceived as integral objects strictly for aerodynamic purposes. Prior to 
this, the work of Dryden engineers had been focused exclusively on the tractor; truck manufactures were no different. Earlier efforts to 
meld tractor and trailer into seamless units were made for aesthetic rather than genuine aerodynamic purposes, since the trucks did not 
move fast enough to bene!t from the modi!ed shapes.
14 “Low-drag ground vehicle particularly suited for use in safely transporting livestock.” United States Patent 4,343,506 to Edwin J. 
Saltzman, 10 August 1982. 
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Chapter Eight
Laws Change; 
Physics Doesn’t
$QXQH[SHFWHG IDFWRU LQ WKHHYROXWLRQRIDHURG\
QDPLFWUXFNVFDPHZLWKDFKDQJHLQWKHUXOHVJRYHUQLQJ
RYHUWKHURDGWUXFNVDQGWUDLOHUV7KHIHGHUDOJRYHUQ
PHQWÀUVWUHJXODWHGWKHZHLJKWDQGZLGWKRILQWHUVWDWH
FRPPHUFLDO YHKLFOHV WUDYHOLQJ RQ IHGHUDO URDGV LQ
 EXW DW WKH WLPH IRFXVHGRQ WKHZHLJKW RI WKH
YHKLFOHVDQGSDLGVFDQWDWWHQWLRQWROHQJWKDQGKHLJKW
:HLJKWRIWKHWUDFWRUVDQGWUDLOHUVZDVDFRQFHUQEH
FDXVHRIVWUHVVSURGXFHGRQEULGJHVDQGURDGVXUIDFHV
RYHUZKLFKWKH\WUDYHOHG7KHUHJXODWLRQVZHUHSDUW
RI WKH)HGHUDO$LG+LJKZD\$FWRI IRUPDOO\
NQRZQDVWKH1DWLRQDO6\VWHPRI,QWHUVWDWHDQG'H
IHQVH+LJKZD\V$FWZKLFKPDQGDWHGFRQVWUXFWLRQ
RI D QDWLRQDO KLJKZD\QHWZRUN UXQQLQJ WKURXJKRXW
WKH8QLWHG6WDWHV2VWHQVLEO\DSURMHFWPRWLYDWHGE\
PLOLWDU\ QHHGV WRPRYH HTXLSPHQW DQG SHUVRQQHO
TXLFNO\ DERXW WKH FRXQWU\ IRU(LVHQKRZHU KDG H[
SHULHQFHGERWKWKHKDSKD]DUG$PHULFDQURDGV\VWHP
DQGWKH*HUPDQDXWREDKQV\VWHPDQGUHFRJQL]HGWKH
YDOXHRIWKHODWWHUIHZHYHUGHQLHGWKHFRQFRPLWDQW
HFRQRPLFLPSDFWVXFKDQHWZRUNZRXOGKDYH)RUWKH
ÀUVW WLPH WKHUHZRXOGEH D SUHSODQQHGQHWZRUNRI
OLPLWHGDFFHVV URDGV OLQNLQJFLWLHVDQGVWDWHVDFURVV
WKHQDWLRQ$QGDVWKHIHGHUDOJRYHUQPHQWZDVSD\LQJ
IRUWKHOLRQ·VVKDUHRILWWKHSD\PHQWUDWLRZDV
IRUWKHLQWHUVWDWHV\VWHPIHGHUDOJRYHUQPHQWWRVWDWH
JRYHUQPHQWDQGIRULQWUDVWDWHURDGV&RQJUHVV
VDZWRLWWKDWWUDYHORQWKHVHURDGVZRXOGFRPSO\ZLWK
6HH&RPSUHKHQVLYH7UXFN6L]HDQG:HLJKW6WXG\:DVKLQJWRQ'&86'27)+$LQIRXUYROXPHV$XJXVWKWWSZZZIKZD
GRWJRYSROLF\RWSVWUXFNÀQDOUHSRUWKWPDFFHVVHG-XQH
,ELG´$PD[LPXPJURVVZHLJKWOLPLWRISRXQGVZDVHVWDEOLVKHGDORQJZLWKPD[LPXPZHLJKWVRISRXQGVRQVLQJOH
D[OHVDQGSRXQGVRQWDQGHPD[OHV0D[LPXPYHKLFOHZLGWKZDVVHWDWLQFKHVEXWOHQJWKDQGKHLJKWOLPLWVZHUHOHIWWR6WDWH
UHJXODWLRQ6WDWHVKDYLQJJUHDWHUZHLJKWRUZLGWKOLPLWVLQSODFHRQ-XO\ZKHQ)HGHUDOOLPLWVZHQWLQWRHIIHFWZHUHDOORZHGWR
UHWDLQWKRVHOLPLWVXQGHUDJUDQGIDWKHUFODXVHµ
&RPSUHKHQVLYH7UXFN6L]HDQG:HLJKW6WXG\FKDSWHU
&XUUHQWIHGHUDOODZVHFUHTXLUHVWKDWVWDWHVDOORZDPLQLPXPRIIHHWIRUVLQJOHWUDLOHUVDQGDPD[LPXPRIIHHWZLWKDIHZ
H[FHSWLRQV7KLVODZVXSHUVHGHVVWDWHODZVJRYHUQLQJWUDLOHUOHQJWKVDOWKRXJKVWDWHVFDQPDNHLQGLYLGXDOH[FHSWLRQVIRUFHUWDLQORDGV
´1RVWDWHLVDOORZHGWRVHWWUDFWRUOHQJWKOLPLWVµKWWSZZZJHRFLWLHVFRPWKHWURSLFVSDJHKWPDFFHVVHG6HSWHPEHU
,ELG7KHZLGWKRIWKHWUDLOHUZDVLQFUHDVHGIURPWRLQFKHVSURYLGLQJWKHURDGZD\ZDVIHHWZLGH$VRIIHGHUDOODZ
GHQLHVVWDWHVWKHULJKWWROLPLWWUDLOHUOHQJWKWROHVVWKDQIHHW$WWKLVWLPHWKHUHLVQRPDQGDWHGXQLIRUPOHQJWKIRUWUDLOHUVWKRXJKWKH
FRPPRQOHQJWKLVIHHWVRPHVWDWHVVXFKDV:\RPLQJDOORZWUDLOHUVDVORQJDVIHHW7KLVZDVZK\WKH1$6$)5&WHDPDSSOLHG
WKHLUPRGLÀFDWLRQVWRDFDERYHUUDWKHUWKDQDFRQYHQWLRQDOPRGHO
IHGHUDOO\PDQGDWHGVWDQGDUGV7KHODZGLGVHW
DQDEVROXWHOHQJWKIRUWUXFNDQGWUDLOHUFRPELQDWLRQV
DWIHHW7KLVPHDQWWKDWWRPD[LPL]HWKHWUDLOHU·V
FDUJRFDSDFLW\³LWVOHQJWK³WKHWUDFWRUQHHGHGWREHDV
VKRUWDVSRVVLEOHWRNHHSWKHWRWDOZLWKLQWKHPD[LPXP
DOORZDEOHOHQJWK
7KHFULWHULDVHWLQWRODZLQUHPDLQHGXQFKDQJHG
XQWLODQGWKHQWKHFKDQJHVZHUHDOPRVWHQWLUHO\
UHODWHGWRJURVVYHKLFOHZHLJKW7KLVZDVQRWVXUSULV
LQJO\ LQGLUHFW UHVSRQVH WR WKHVRDULQJFRVWRI IXHO
IRUWKHZHLJKWLQFUHDVHZDVDQDWWHPSWWRUHGXFHWKH
SHUORDGFRVWWRWUXFNHUV/LWWOHFKDQJHGDIWHUWKDWXQWLO
WKH6XUIDFH7UDQVSRUWDWLRQ$VVLVWDQFH$FW67$$RI
ZKLFK UHTXLUHG WKDW VWDWHVSHUPLW WUXFNVZLWK
WUDLOHUVDVORQJDVIHHWRQERWKLQWHUVWDWHDQGLQWUD
VWDWHKLJKZD\V7KHOHVVHUKLJKZD\V\VWHPLVFRP
PRQO\UHIHUUHGWRDVWKH1DWLRQDO1HWZRUNDVHULHV
RIVXEVWDQWLDOKLJKZD\VWKDWDUHQRQHWKHOHVVVHFRQG
WLHU$VHHPLQJO\PLQRUVHJPHQWRIWKHQHZODZEDUUHG
VWDWHVIURP´ OLPLWLQJWKHRYHUDOOOHQJWKRIDWUDFWRUDQG
IRRW VHPLWUDLOHU LQ FRPELQDWLRQµ UHFDOOLQJ WKDW
XQGHUWKHSUHYLRXVUXOHERWKWUDFWRUDQGWUDLOHUZHUH
SDUWRIWKHWRWDODOORZDEOHOHQJWK
7KLVVPDOOSRUWLRQRIWKHQHZODZKDGH[WUDRUGLQDU\
FRQVHTXHQFHV8QWLOWKHRULJLQDOTXDOLÀHU³ERWK
WKHWUDLOHUDQGWKHFRPELQHGWUDFWRUDQGWUDLOHUOHQJWK
OLPLWDWLRQV³PDGHDFDERYHUHQJLQHWUDFWRUWKHFKRLFH
IRUORQJKDXOWUXFNVYLUWXDOO\E\GHIDXOW,QWKLV

WUXFNVW\OHFRQVWLWXWHGRYHUSHUFHQWRIWKHPDUNHW
IRUWKH3HWHUELOW&RUSRUDWLRQDQGWKHQXPEHUVZHUH
VLPLODU IRU RWKHUPDQXIDFWXUHUV 7KH UHVW RI WKH
FRPSDQ\·VPDUNHWGLGQRWIDOOXQGHUWKHVHUXOHVRE
YLDWLQJWKHFDEVW\OH%XWVLQFHWKHQHZUXOHDSSOLHG
RQO\WRWKHWUDLOHULWHIIHFWLYHO\UHPRYHGDQ\OHQJWK
OLPLWDWLRQWRWKHRYHUDOOFRPELQDWLRQWRDSRLQW7KH
WUDFWRUQRZQRORQJHUQHHGHGWREHWKHFDERYHUW\SH
,QWXUQWKLVDOORZHGHQJLQHHUVWRDSSO\DHURG\QDPLF
LPSURYHPHQWVWRDQDOUHDG\VXSHULRUWUXFNVKDSHWKH
´FRQYHQWLRQDOµFDE
7KHGLIIHUHQFHEHWZHHQWKHWZRNLQGVRIWUXFNFDEV
LVTXLWHPDWHULDOZKHQGLVFXVVLQJDHURG\QDPLFGUDJ
&DERYHUHQJLQHVRUVLPSO\FDERYHUVSODFHWKHFDE
GLUHFWO\DERYHWKHHQJLQHPLQLPL]LQJWKHOHQJWKRI
WKHWUDFWRU7KLVUHVXOWVLQDFXEHOLNHWUDFWRUHIÀFLHQW
LQ LWVXVHRI OLQHDU VSDFHEXWZLWK OLWWOH WKDW FDQEH
GRQHDERXWWKHODUJHÁDWIURQWDODUHD&RQYHQWLRQDO
WUXFNVRQWKHRWKHUKDQGSODFHWKHHQJLQHDKHDGRI
WKHFDEDQGDUHORQJHUDVDUHVXOW/RFDWLQJWKHHQJLQH
DKHDGRIWKHFDEHQDEOHVGHVLJQHUVWRFUHDWHDPRUH
SRLQWHGVKDSHIRUWKHWUXFNVRPHWKLQJWKDWGLUHFWVWKH
DLUPRUHHIÀFLHQWO\WKDQWKHELOOERDUGOLNHIURQWRID
FDERYHUGHVLJQ
2QHRIWKHPRVWGUDPDWLFHIIHFWVRIWKLVFKDQJHLQWKH
ODZFDPHLQWKHULVLQJSRSXODULW\RIFRQYHQWLRQDO
FDEWUDFWRUVRQFHWUDFWRUGHVLJQVZHUHQRORQJHUUH
VWULFWHGE\ODZVJRYHUQLQJOHQJWKUHODWLYHWRWKHWUDLOHUV
EHLQJSXOOHG8QFRQÀQHGE\RYHUDOOOHQJWKVLPSRVHG
5HORFDWLQJWKHHQJLQHIRUZDUGDQGOHQJWKHQLQJWKHRYHUDOOWUDFWRUZKHHOEDVHDOVRKDGWKHEHQHÀFLDOVLGHHIIHFWRIOHVVHQLQJWKHMROWLQJ
ULGHRIWKH&2(
'HUHN6PLWK3$&&$5,QFHOHFWURQLFPDLOFRUUHVSRQGHQFHZLWKDXWKRU6HSWHPEHU
E\WKHIHGHUDOJRYHUQPHQWWUXFNPDQXIDFWXUHUVWXUQHG
ZLWK D YHQJHDQFH WRZDUG FRQYHQWLRQDO WUXFNV DQG
WKHLULQKHUHQWDHURG\QDPLFSRWHQWLDODQGWKHFDERYHU
PRGHOJUDGXDOO\IHOORXWRIIDYRU)RUWKH3HWHUELOW&RU
SRUDWLRQWKHFDERYHUGHVLJQUHSUHVHQWHGSHUFHQWRI
VDOHVLQEXWRQO\SHUFHQWE\
3HUKDSVPRUH WKDQ DQ\WKLQJ HOVH WKLV FKDQJH LQ
WKH ODZ UHGLUHFWHG WKHPDUNHW IRU ORQJKDXO WUXFNV
WRZDUGFRQYHQWLRQDOPRGHOVDQGFUHDWHGHYHQPRUH
HPSKDVLVRQWKHQHHGIRUGHVLJQRIWUDFWRUVZLWKPRUH
DHURG\QDPLFDOO\HIÀFLHQWVKDSHV:KDWEHJDQZLWKWKH
.HQZRUWK7EORVVRPHGLQWRDZDYHRIQHZWUXFN
GHVLJQVIURPDOOPDMRU$PHULFDQWUXFNPDQXIDFWXUHUV
VHHNLQJWRNHHSDEUHDVWRIDFKDQJLQJPDUNHW0RUH
RYHUWKHPRGLÀFDWLRQVWULHGE\HQJLQHHUVDW'U\GHQ
ZHUHDGRSWHGE\WUXFNPDQXIDFWXUHUVDVZHUHWKHOHV
VRQVGHULYHGIURPWKHURDGWHVWVFRQGXFWHGDWWKHFHQ
WHUIRUZKDWWKH1$6$HQJLQHHUVGHPRQVWUDWHGZLWK
FDERYHUVDSSOLHGWRFRQYHQWLRQDOPRGHOVDVZHOODV
WRVPDOOHUVKRUWKDXOWUXFNV7KHFDUJRER[HVRIPRVW
GHOLYHU\WUXFNVWRGD\KDYHURXQGHGIURQWFRUQHUVDQG
HGJHVDGLUHFWDSSOLFDWLRQRIWKHUHVHDUFKFRQGXFWHGDW
'U\GHQRQWKH6KRHER[$JODQFHDWDQ\PRGHUQORQJ
KDXOWUDFWRUWUDLOHUXQLWZLOOVKRZ'U\GHQ·VLQÁXHQFH
WKHUHDVZHOOLQWKHVZHHSLQJIDLULQJIURPWKHFDEXS
WRWKHWUDLOHU·VURRÁLQHWRWKHQDUURZLQJLIQRWHOLPL
QDWLRQRIWKHWUDFWRUWRWUDLOHUJDSLQWKHDSSHDUDQFH
RIERDWWDLOOLNHVWUXFWXUHVRQVRPHRIWUDLOHUVDQGLQ
WKHHIIRUWWRVHDOWKHJDSEHWZHHQWUDLOHUDQGJURXQG
$WOHIWDFDERYHUHQJLQHWUDFWRUDVW\OHLQFUHDVLQJO\UDUHRQ$PHULFDQKLJKZD\VIRUDHURG\QDPLFUHDVRQVEXW
RQHWKDWUHWDLQVDGYDQWDJHVLQFHUWDLQHQYLURQPHQWV7KHLPDJHDWULJKWLVRIDFRQYHQWLRQDOWUDFWRU
1$6$          (',0*
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Chapter Nine
The Drag Bucket
,QWKH86'HSDUWPHQWRI(QHUJ\VSRQVRUHGD
WUDQVSRUWDWLRQUHODWHGZRUNVKRSLQ3KRHQL[$UL]RQD
WRZKLFK'U\GHQUHSUHVHQWDWLYHVZHUHLQYLWHGEHFDXVH
RIWKHLUHDUOLHUZRUN7KRVHIURPWKHFHQWHUZKRDW
WHQGHG LQFOXGLQJ6DOW]PDQ FDPH DZD\ VRPHZKDW
SHUSOH[HGDWWKHLQGXVWU\·VH[SHFWDWLRQVIRUWKHVWDWHG
JRDOVRIWKHWUXFNLQJLQGXVWU\VHHPHGLQFRQÁLFWZLWK
LWV DFWLRQV LI QRW DOVRZLWK H[LVWLQJ UHVHDUFK ´:H
ZDQWµ VDLGD UHSUHVHQWDWLYHDW WKHPHHWLQJ´DQHI
ÀFLHQF\VRPHZKHUHEHWZHHQD'&DQGD3RQWLDF
)LUHELUGµ6SHFLÀFDOO\WKHDJUHHGXSRQJRDODPRQJ
WUXFNLQJLQGXVWU\UHSUHVHQWDWLYHVZDVDGUDJFRHIÀFLHQW
RIIRUWKHWUDFWRUWUDLOHUFRPELQDWLRQ
+HDULQJWKLVWKHJURXSRI1$6$DHURG\QDPLFLVWV
WKDWDWWHQGHGWKHPHHWLQJZDVVRPHZKDWVXUSULVHG7KH
EHVWDQ\RIWKHLUWHVWVKDGDFKLHYHGZDVD&GRI
DQGWKRXJKWKLVZDVVOLJKWO\EHORZWKHLQGXVWU\JRDO
RIWKDWÀJXUHFDPHRQO\ZLWKWKH6KRHER[FRP
SOHWHO\IDLUHGLQWKHIURQWWKHXQGHUERG\DQGZKHHO
ZHOOVVHDOHGDQGWKHDIWHUERG\VSRUWLQJDWUXQFDWHG
ERDWWDLO7KHEHVWWKH\KDGDFKLHYHGZLWKWKHPRGL
:ULWLQJLQWKHHDUO\VDHURG\QDPLFLVW-RKQ$OOHQSRLQWHGWRDVWHDG\UHGXFWLRQLQDXWRPRELOHGUDJUHGXFWLRQRYHUWKHGHFDGHVEXW
KHDGPLWWHGXQFHUWDLQW\RYHUZKHWKHUWKLVZDVDUHVXOWRIIDVKLRQRURIIXQFWLRQ-RKQ($OOHQ$HURG\QDPLFV7KH6FLHQFHRI$LULQ0R
WLRQ1HZ<RUN0F*UDZ+LOO
2QHUHFHQWVWXG\DUJXHV´([FOXGLQJSQHXPDWLFEORZLQJ>WKH@WKHRUHWLFDOOLPLWIRUWKHFRHIÀFLHQWRIDHURG\QDPLFUHVLVWDQFHIRUFRPELQD
WLRQWUXFNVµLVLQWKHUDQJHRIWRZKLOHDGPLWWLQJWKDWWKHEHVWFXUUHQWWUDFWRUWUDLOHUFRPELQDWLRQVRIWKHSHULRGDUHLQWKHWR
UDQJH7KHVWXG\ҋVDXWKRUVFRQFHGHWKDWUHDOLVWLFGUDJFRHIÀFLHQWVLQWKHEHVWRIFLUFXPVWDQFHVPLJKWEH:LQQLQJWKH2LO(QG*DPH
7HFKQRORJ\$QQH[FKDSWHU´&ODVV+HDY\7UXFNVµZZZRLOHQGJDPHRUJDFFHVVHG-XQH
ÀHGWUDFWRUWUDLOHUXQLWZDVD&GRIDOWKRXJKWKDW
ZDVZLWKQRPRGLÀFDWLRQVWRWKHWUDLOHU·VDIWHQG$QG
\HWWKHORQJKDXOWUXFNLQJLQGXVWU\QRZH[SHFWHGWR
DFKLHYHYLUWXDOO\WKHVDPHORZ&G6DOW]PDQ·VWHDP
KDGZLWKWKH6KRHER[
)ROORZLQJWKHPHHWLQJWKH1$6$WHDPQRWHGWKDW
LQRUGHUWRUHDFKWKLVJRDOWKHWUXFNLQJLQGXVWU\ZRXOG
KDYH WRPRGLI\QRWRQO\ WKHFDEDUHDZKLFK LWKDG
EHHQGRLQJIRUQHDUO\WZRGHFDGHVEXWZRXOGKDYHWR
DGGUHVVWKHWUDLOHUVDVZHOO)DLULQJVLHERDWWDLOOLNH
IHDWXUHVZRXOGQHHGWRDSSHDURQWKHEDFNHQGRIWKH
WUDLOHUVWRVPRRWKWKHDLUÁRZZKLOHRQWKHURDGDQG
WKHERWWRPRIWKHWUDLOHUZRXOGQHHGFRQVLGHUDEOHDWWHQ
WLRQ%XWLWZDVSUHFLVHO\ZKDWWKHWUDLOHUVQHHGHGPRVW
RIDOOWKDWWKHPDQXIDFWXUHUVDQGVKLSSLQJFRPSDQLHV
ZRXOGOLNHO\DYRLGDGGLWLRQRIDERDWWDLOWRUDLVHWKH
SUHVVXUHDWWKHEDVH:LWKRXWDOOWKLVVDLG6DOW]PDQ
WKHJRDORI&GZRXOGEHXQUHDFKDEOH
6DOW]PDQWKHQWXUQHGKLVDWWHQWLRQRQFHDJDLQWRWKH
TXHVWLRQRIIRUHERG\DQGEDVHSUHVVXUHVKHKDGEHHQ
IRFXVHGRQRWKHU WKLQJV LQ WKH\HDUVVLQFH WKHHDUO\
7KHVHWZRWDEOHVHQXPHUDWHEDVHOLQHDQGDOOPRGLÀFDWLRQVWRWKH6KRHER[YDQDVZHOODVWKHUHVXOWV
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WUXFNIDLULQJWHVWVDQGWRHDUOLHUUHVHDUFKFRQGXFWHG
DWWKHFHQWHU2QHRIWKHUHSRUWVKHKHOSDXWKRUODLG
RXWWKHWUXFNLQJLQGXVWU\·VSUREOHPZLWKUHVSHFWWRWKH
VWDWHGJRDORID&GRI´7ZRYHUVLRQVRIWKHWHVW
YDQJURXQGUHVHDUFKYHKLFOHFRQÀJXUDWLRQ$DQG)
GHPRQVWUDWHWKDWDVIRUHERG\GUDJLVUHGXFHGWKHEDVH
GUDJLVLQFUHDVHGµ+HUHRQSDSHUJUDSKHGZLWKHP
SLULFDOGDWDZDVWKHHYLGHQFHLOOXVWUDWLQJKLVJURXS·V
SX]]OHPHQWIROORZLQJWKHPHHWLQJLQ3KRHQL[
$HURG\QDPLF LPSURYHPHQWV WR WKH IURQW KDG WR EH
PDWFKHGE\VLPLODULPSURYHPHQWVWRWKHEDFNRUWKHUH
ZRXOGEHRQO\OLPLWHGJDLQV6LPSO\SXWWKHLQGXVWU\
ZRXOGQHYHUVHHLWVJRDOZLWKRXWGUDPDWLFFKDQJHWR
WKHWUDLOHU·VDIWHQG
:KLOH WKLQNLQJ DJDLQ DERXW WKH LVVXHRI IRUH DQG
EDVHGUDJ6DOW]PDQKDGDQHSLSKDQ\:KDWKHUHDO
L]HG LURQLFDOO\ZDV WKDWHIIRUWV WR UHGXFH IRUHERG\
DHURG\QDPLFGUDJKDGFHUWDLQO\\LHOGHGGLYLGHQGVEXW
WKRVHGLYLGHQGVZHUHLQHYLWDEO\ÀQLWH+HFRQFOXGHG
WKDWEH\RQGDFHUWDLQSRLQW WKHDHURG\QDPLFUHÀQH
PHQWV WR WKH WUXFN·V IRUHERG\ZRXOGJHQHUDWHPRUH
GUDJQRWOHVV/RRNLQJDWWKHJUDSKVRIHDUOLHU6KRHER[
UHVHDUFKPRUH FDUHIXOO\ 6DOW]PDQQRWLFHG WKDW WKLV
´UXOHµRI OLPLWHG UHWXUQ UHVXOWHG LQZKDWKHGXEEHG
DGUDJ´EXFNHWµIRUEOXQWVKDSHGYHKLFOHV7KHH[
WUDRUGLQDU\UHYHODWLRQVXUIDFHGIRUPDOO\DQGSXEOLFO\
LQDSDSHUKH.&KDUOHV:DQJDQG.HQQHWK:,OLII
SUHVHQWHGLQ,QLWWKHDXWKRUVQRWHGRIWKHIDPLO\
RIDLUFUDIWZLWKEOXQWIRUHERGLHVDQGÁDWDIWHUERGLHV
´7KHVDOLHQWIHDWXUHRIWKHVHFXUYHVLVWKDWHDFKKDVDQ
RSWLPXPUHJLRQRIORZHVWRYHUDOOPLQLPXPGUDJFRHI
ÀFLHQWµ5HJDUGOHVVRIZKDWFKDQJHVZHUHPDGHWRWKH
IRUHDQGDIWRIDYHKLFOHWRLPSURYHLWVDHURG\QDPLFV
WKHUHH[LVWHGDSRLQWRIPD[LPXPUHWXUQ³RIPLQLPXP
GUDJ³DIWHUZKLFKGUDJDFWXDOO\URVHDJDLQ7KHWKUHH
UHVHDUFKHUVKDGJRQHEDFNDQGORRNHGDWWKHGUDJGDWD
IURP WKH IDPLO\RI OLIWLQJERGLHVÁRZQDW WKH)5&
7KHSDSHUJRHVRQWRVXJJHVWWKDWWKHQHFHVVDU\PRGLÀFDWLRQVWRWKHWUDLOHUҋVDIWHQGPLJKWZHOOOHDGWRWKHUHDSSHDUDQFHRIFDE
RYHUHQJLQHWUXFNVLQRUGHUWRDFFRPPRGDWHWKHLQFUHDVHGOHQJWKRIWKHRYHUDOOYHKLFOH(GZLQ-6DOW]PDQDQG5REHUW00H\HU
$5HDVVHVVPHQWRI+HDY\'XW\7UXFN$HURG\QDPLF'HVLJQ)HDWXUHVDQG3ULRULWLHV(GZDUGV&$1$6$73
$SSURSULDWHO\6DOW]PDQDQG0H\HUKDGEHHQWKHDXWKRUVRIWKHÀUVWIRUPDOUHTXHVWWRWKH)5&GLUHFWRUIRUDSSURYDORIUHVHDUFKDQG
GHYHORSPHQW´WRVWXG\WKHHIÀFLHQF\RIJURXQGYHKLFOHVµPDGHLQ1RYHPEHU
7KHWHUP´GUDJEXFNHWµLVQRWXQLTXHWR6DOW]PDQDQGWKLVSURMHFW,QRQHFODVVLFWH[WIRUDYLDWRUVIRUH[DPSOHLWLVXVHGWRLQGLFDWHWKH
SRLQWRIJUHDWHVWODPLQDUÁRZDQGWKHUHIRUHORZHVWLQGXFHGGUDJRIDSDUWLFXODUDLUIRLO+++XUW-U$HURG\QDPLFVIRU1DYDO$YLDWRUV
UHSULQW$YLDWLRQ6XSSOLHV	$FDGHPLFV$QDOWHUQDWHWHUPLV´PLQLPDµVXJJHVWLQJDORZSRLQWRQDJUDSK
(GZLQ-6DOW]PDQ.&KDUOHV:DQJDQG.HQQHWK:,OOLI)OLJKW'HWHUPLQHG6XEVRQLF/LIWDQG'UDJ&KDUDFWHULVWLFVRI6HYHQ/LIWLQJ
%RG\DQG:LQJ7UXQFDWHG5HHQWU\9HKLFOH&RQÀJXUDWLRQVZLWK7UXQFDWHG%RGLHV$,$$
7KHÀUVWSXEOLVKHGJUDSKRI6DOW]PDQ·V´GUDJEXFN
HWµ+HUH WKH WHUPUHIHUV WRÀQLWHJDLQVDFKLHYDEOH
WKURXJKDHURG\QDPLFUHÀQHPHQWVWRIRUHDQGDIWDU
HDVRIDYHKLFOHDIWHUZKLFKGUDJLQH[RUDEO\ULVHV

DORQJZLWKWKH;DQGWKHVSDFHVKXWWOHWKH´ JHQHULF
EOXQWEDVHG FODVV RI YHKLFOHVµ DQG IRXQGSUHFLVHO\
ZKDW6DOW]PDQKDGHDUOLHUUHDOL]HGH[LVWHG7KHUHZDV
DSRLQWDIWHUZKLFK LPSURYHPHQWV WR IRUHERG\GUDJ
ZHUHDFFRPSDQLHGE\ODUJHLQFUHPHQWVRIEDVHGUDJ
7KHUHIRUHDPLQLPXPGUDJYDOXHZRXOGH[LVWIRUWKLV
FODVVRIYHKLFOH$QGZKLOHWKHUHZDVYLVXDOHYLGHQFH
RIWKLVEHIRUH6DOW]PDQ·VHSLSKDQ\KHZDVWKHÀUVWWR
UHDOL]HWKDWGDWDH[LVWHGWRH[SODLQWKLVSKHQRPHQRQ
DQGWRRIIHUHYLGHQFHIRUZK\WKLVZDVKDSSHQLQJ
7KLVUDLVHGWKHVSHFWHURIQHYHUVHHLQJDGUDJFRHI
ÀFLHQWRIIRUWKHWUXFNLQJLQGXVWU\XQOHVVDERDWWDLO
ZHUHXVHGGUDVWLFFKDQJHVZHUHDSSOLHGWRZKHHODQG
XQGHUFDUULDJHRIWKHWUDLOHURURWKHUH[RWLFWUHDWPHQWV
WKDWZHUHXQOLNHO\WREHSUDFWLFDOLQDSSOLFDWLRQ
,ELG:KDWSKRWRVRIÁXLGLQPRWLRQKDGORQJVKRZHGUHPDUNHG'U\GHQDHURQDXWLFDOHQJLQHHU$OELRQ%RZHUV6DOW]PDQSURYLGHG
WKHHYLGHQFHWRH[SODLQDIWHUFOHDQLQJXSWKHIURQWDQGEDFNRIDQREMHFWWKHUHZDVQҋWHQRXJKHQHUJ\LQWKHÁRZWRNHHSWKDWÁRZ
DWWDFKHGWRWKHREMHFW$OELRQ%RZHUVLQWHUYLHZZLWKWKHDXWKRU1$6$'U\GHQ)OLJKW5HVHDUFK&HQWHU(GZDUGV&$'HFHPEHU
6HHIRUH[DPSOH0LOWRQ9DQ'\NH$Q$OEXPRI)OXLG0RWLRQ6WDQIRUG&$7KH3DUDEROLF3UHVVUHSULQW
5HVXOWVIURPWKH)5&WHVWVRIDIWHUPDUNHWDGGRQDHURG\QDPLFGHYLFHVVKRZHGWKDWWKHEHVWGHYLFH5XGNLQ:LOH\ҋV$LUVKLHOGSURGXFHG
D&G7KLVZDVZLWKRXWDQ\DGGLWLRQDOZRUNVXFKDVDGGLWLRQRIWUDLOHUVLGHVNLUWVRUDERDWWDLORUQDUURZLQJWKHWUDFWRUWRWUDLOHUJDS
EXWLWLVQHYHUWKHOHVVLQGLFDWLYHRIWKHQXPEHUVWKHWUXFNLQJLQGXVWU\KDGWRFRQWHQGZLWK7KHEHVW&GWKDW)5&UHVHDUFKHUVDFKLHYHG
ZLWKWKH6KRHER[³EXWZLWKRXWWKHERDWWDLORQWKDWYHKLFOH³ZDV6DOW]PDQ$6XPPDU\RI1$6$'U\GHQҋV7UXFN$HURG\QDPLF
5HVHDUFK
,QWKUHHDXWKRUVSXEOLVKHGDSDSHUZLWKWKH6RFLHW\RI$XWRPRWLYH(QJLQHHUVFRYHULQJUHVHDUFKFRQGXFWHGZLWKWUXFNPRGHOVLQ
RQHRI1$6$/DQJOH\ҋVIRUPHUZLQGWXQQHOV6WDUWLQJZLWKDEDVHOLQHXQPRGLÀHGPRGHOWKHWHDPDSSOLHGVL[DIWHUPDUNHWDHURG\QDPLF
DSSOLFDWLRQVPHDQWWRLPSURYHWUXFNHIÀFLHQF\2IWKRVHWKH\WULHGWKHRQO\RQHVWKDWZHUHHQWLUHO\GLIIHUHQWIURPWKRVHWULHGE\
UHVHDUFKHUVDWWKH)5&LQWKHPLGVZHUH´VNLUWVµULJLGVODEVRIPDWHULDODGGHGWRVHDOWKHDUHDEHWZHHQWKHFDEҋVUHDUZKHHOVDQG
WKHWUDLOHUҋVZKHHOV7KHVHYHQWKFRQÀJXUDWLRQWHVWHGLQWKHZLQGWXQQHOKDGDIXOOVNLUWFRYHULQJWKHHQWLUHWUDLOHUҋVOHQJWKLQFOXGLQJWKH
FDEҋVZKHHOVWKHHQWLUHJDSEHWZHHQWUDFWRUDQGWUDLOHUVHDOHGDQGDERDWWDLODWWDFKHGWRWKHWUDLOHUҋVDIWHQG1RWVXUSULVLQJO\WKLVZDV
WKHPRVWHIÀFLHQWRIWKHFRQÀJXUDWLRQV0RVWVLJQLÀFDQWKRZHYHULVWKDWWKLVFRQÀJXUDWLRQ\LHOGHGD&GRIURXJKO\DWPSKDQG
DOPRVWWKHVDPHDWPSKDQGWKLVZDVZLWKDWUXFNPRGHOVSRUWLQJDOOWKHDYDLODEOHPRGLÀFDWLRQVLQFOXGLQJDERDWWDLO'UHZ/DQGPDQ
5LFKDUG:RRG:KLWQH\6HD\DQG-RKQ%OHGVRH8QGHUVWDQGLQJ3UDFWLFDO/LPLWVWR+HDY\7UXFN'UDJ5HGXFWLRQ6RFLHW\
RI$XWRPRWLYH(QJLQHHUV
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Chapter Ten
Results
:KHUHKDVDOOWKLVUHVHDUFKOHG"
+LVWRULDQVRIWHFKQRORJ\KDYHDUJXHGIRUVRPHWLPH
WKDWWHFKQRORJ\GRHVQRWH[LVWRUGHYHORSLQDYDFXXP
LWLVDGYDQFHGLQKLELWHGRUFXUWDLOHGE\FXOWXUDOLQÁX
HQFHV7KHSDWKIURPEXON\DQGEUDZQ\WRVLQXRXV
DHURG\QDPLFWUDFWRUVLVVXFKDFDVH1HZWHFKQRORJ\
IRU H[DPSOH LV UDUHO\PHWZLWK RSHQ DUPV VLQFH LW
UHSUHVHQWV D WKUHDW RI VRPH VRUW DQG DHURG\QDPLF
WUXFNVZHUHQRH[FHSWLRQ5HVLVWDQFHVXUIDFHGHDUO\
&RQVLGHUIRUH[DPSOHDLUWUDYHO+HDYLHUWKDQDLUÁLJKWLVEDUHO\DFHQWXU\ROGDVRIWKLVZULWLQJ\HWLWKDVDGYDQFHGGUDPDWLFDOO\LQWKDW
WLPH3LVWRQHQJLQHVPRYHGSDVVHQJHUVDWOHVVWKDQPSKSULRUWR:RUOG:DU,,LQWKH\HDUVIROORZLQJWKHZDUWKDWVSHHGMXPSHGWR
PSKVWLOOZLWKSLVWRQHQJLQHV7KHLQWURGXFWLRQRIWKHWXUERMHWPHDQWWKDWSDVVHQJHUVFRXOGÁ\DWPSKLQD'H+DYLOODQG&RPHW
0HDQZKLOHSLVWRQHQJLQHPLOLWDU\DLUFUDIWWKDWEHIRUHWKHZDUFRXOGQLEEOHDWWKHWUDQVRQLFUHDOPZHUHUHSODFHGDIWHUWKHZDUZLWK
DLUFUDIWWKDWFRXOGH[FHHGWKHVSHHGRIVRXQG%\WKH\HDULQZKLFK'RXJODVLQWURGXFHGWKH'&FRQVLGHUHGE\PDQ\WREHWKH
SLQQDFOHRISLVWRQHQJLQHSURSHOOHUDLUOLQHUVFUXLVHVSHHGRIPSK6FRWW&URVVÀHOGH[FHHGHG0DFK%HIRUHWKDWGHFDGHZDVRXW
VRPHPLOLWDU\DLUFUDIWZHUHURXWLQHO\Á\LQJDW0DFK%RHLQJҋVZKLFKHQWHUHGVHUYLFHLQWKHVDPHGHFDGHFUXLVHGDWMXVWRYHU
PSK(YHU\WKLQJSRLQWHGWRHYHULQFUHDVLQJVSHHGLQWUDQVSRUWDWLRQDQGLQGHHGDLUFUDIWZLWKDLUEUHDWKLQJHQJLQHVEHJDQH[FHHGLQJ
0DFKLQWKHHDUO\VDQGSDVVHQJHUVZHUHUHJXODUO\FURVVLQJWKH$WODQWLFLQVXPSWXRXVOX[XU\DW0DFKE\WKHODWHV<HW
DWWKHEHJLQQLQJRIWKHWZHQW\ÀUVWFHQWXU\FRPPHUFLDODLUOLQHUVRSHUDWHLQWKHVDPHUHDOPDVWKH\KDG\HDUVHDUOLHUVXEVRQLF0RUH
LQWHUHVWLQJLVWKDWWKHFXOWXUHLQWKLVUHVSHFWKDVDFWXDOO\VORZHGGRZQ0DFKFRPPHUFLDOVHUYLFHLVQRORQJHUDYDLODEOH7KLVVHHPLQJ
RGGLW\LVQRWDIXQFWLRQRIWHFKQRORJ\EXWRIVRFLDOIRUFHVFXOWXUDOYDOXHVUDWKHUWKDQDQ\ORJLFDOSURJUHVVLRQGHWHUPLQHGE\WKHFRXUVHRI
WHFKQRORJLFDOGHYHORSPHQWDQGLWVDSSOLFDWLRQ7KHOLWHUDOFRVWRIFRQVWUXFWLQJDQGRSHUDWLQJFRPPHUFLDOVXSHUVRQLFDLUFUDIWWKHLPSDFW
RIVRQLFERRPVRQWKHSHGHVWULDQSXEOLFDQGRWKHUIDFWRUVFRPELQHGWRPDNH0DFKÁLJKWWKHSUHVHUYHRIWKHPLOLWDU\LQWKHHDUO\SDUWRI
WKHSUHVHQWFHQWXU\
7KH'RXJODV'&FUXLVHGDWPSKWKH'&DWPSKDQGWKH'H+DYLOODQG&RPHWDWPSK7KH
$HURVSDWLDOH&RQFRUGHZKLFKHQWHUHGFRPPHUFLDOVHUYLFHLQDQGRSHUDWHGXQWLOFUXLVHGDWURXJKO\0DFK9DULRXVDLUFUDIW
PDQXIDFWXUHUVKDYHWDNHQXSWKHFDXVHRIVXSHUVRQLFFRPPHUFLDOÁLJKWUHFHQWO\LIRQO\LQWHUPVRIDEXVLQHVVMHWDQG1$6$KDVEHHQD
FRQWULEXWRUWRQHZWHFKQRORJ\IRUFLYLOLDQVXSHUVRQLFDLUFUDIWEXWQRWKLQJKDVPDWHULDOL]HGDVRIWKLVZULWLQJ5HJDUGLQJIDFWRUVFRQFHUQLQJ
WKHIDLOHG86VXSHUVRQLFWUDQVSRUWLQWHQGHGWRFRPSHWHZLWKWKH&RQFRUGHVHH(ULN0&RQZD\+LJK6SHHG'UHDPV1$6$DQGWKH
7HFKQRSROLWLFVRI6XSHUVRQLF7UDQVSRUWDWLRQ³%DOWLPRUH-RKQV+RSNLQV8QLYHUVLW\3UHVV2QWKHODUJHUVXEMHFWRI
WKHVRFLDOFRQVWUXFWLRQRIWHFKQRORJ\VHH:LHEH(%LMNHU7KRPDV3+XJKHVDQG7UHYRU-3LQFKHGV7KH6RFLDO&RQVWUXFWLRQRI
7HFKQRORJLFDO6\VWHPV1HZ'LUHFWLRQVLQWKH6RFLRORJ\DQG+LVWRU\RI7HFKQRORJ\&DPEULGJH0,73UHVV'RQDOG0DF.HQ]LH
7KH6RFLDO6KDSLQJRI7HFKQRORJ\2SHQ8QLYHUVLW\3UHVVDQG0HUULWW5RH6PLWKDQG/HR0DU[HGV'RHV7HFKQRORJ\'ULYH
+LVWRU\"7KH'LOHPPDRI7HFKQRORJLFDO'HWHUPLQLVP&DPEULGJH0,73UHVVDVPHUHO\WKUHHWLWOHV0DQ\PRUHH[LVWIRUWKHUHDGHU
ZLVKLQJWRGHOYHIXUWKHULQWRWKHVXEMHFW
+LVWRULDQVZRUNLQJXQGHUWKHUXEULFRIWKHVRFLDOFRQVWUXFWLRQRIWHFKQRORJ\RSHUDWHIURPDQHVVHQWLDOSUHPLVHWKH´ҊLQWHUSUHWLYH
ÁH[LELOLW\ҋRIDQDUWLIDFWµ7KHLGHDLVWKDWGLIIHUHQWJURXSVYHVWWKHVDPHDUWLIDFWRUWHFKQRORJ\ZLWKGLIIHUHQWPHDQLQJV´)RU\RXQJPHQ
ULGLQJWKHELF\FOHIRUVSRUWLQJSXUSRVHVWKHKLJKZKHHOHUPHDQWWKHҊPDFKRPDFKLQHҋDVRSSRVHGWRWKHPHDQLQJJLYHQWRLWE\ZRPHQ
DQGHOGHUO\PHQZKRZDQWHGWRXVHWKHELNHIRUWUDQVSRUWDWLRQ)RUWKLVODWWHUJURXSWKHKLJKZKHHOHUZDVWKHҊXQVDIHPDFKLQHҋ
EHFDXVHRIWKHKDELWRIWKURZLQJSHRSOHRYHUWKHKDQGOHEDUV³NQRZQDVҊGRLQJDKHDGHUҋµ5RQDOG.OLQHDQG7UHYRU3LQFK´7KH6RFLDO
&RQVWUXFWLRQRIWKH$XWRPRELOHLQWKH5XUDO8QLWHG6WDWHVµLQ0HUULWW5RH6PLWKDQG*UHJRU\&ODQFH\0DMRU3UREOHPVLQWKH+LVWRU\RI
$PHULFDQ7HFKQRORJ\%RVWRQ+RXJKWRQ0LIÁLQ&RPSDQ\7KHWUDFWRUWKDWWRWKHRZQHURSHUDWRUZDVDQH[WHQVLRQRIVDLG
RZQHURSHUDWRUZDVWRDWUXFNLQJÀUPPHUHO\DWRRORIQRSDUWLFXODUVRFLDOVLJQLÀFDQFH7KHUHIRUHWKHVXEMHFWRIDWUXFNҋVPDQOLQHVVZDV
RIJUHDWHURUOHVVHUFRQFHUQGHSHQGLQJRQZKLFKJURXSRQHEHORQJHGWR
:KHQ1$6$GULYHUV WRRN WKH)5&·V KLJKO\ IDLUHG
WUDFWRUWUDLOHURXWRQ LWVPLOH ORRS WKH\SDXVHG
DWWUXFNVWRSVIRUOXQFKDQGLQRUGHUWRVO\O\VKRZRII
WKHWUXFN2QHRIWKH1$6$GULYHUVKLPVHOIDIRUPHU
SURIHVVLRQDOGULYHUPLQJOHGZLWKRWKHUGULYHUV IRU
LQ6DOW]PDQ·VZRUGV´KHNQHZWKHODQJXDJHµ6RPH
ZRXOGFRPHRXWWRVHHWKHYHKLFOHDQGOLVWHQWRWKH
EHQHÀWV WKH DHURG\QDPLF UHÀQHPHQWV JHQHUDWHG LQ
IXHOVDYLQJVZKLFKZHUHYHU\UHDO´<RXZRQ·WFDWFK
 Results
PHGULYLQJDQ\WKLQJOLNHWKDWµWKH\·GVD\´ LW·VDVLVV\
WUXFNµ
7KH SHUVLVWHQFH RI ROG WHFKQRORJ\ DORQJVLGH WKH
QHZLVDQRWKHUFKDUDFWHULVWLFRIWHFKQRORJLFDOGHYHO
RSPHQWQHZDQGLPSURYHGGRHVQRWVZHHSDZD\WKH
ROGKRZHYHUFRPSHOOLQJWKHORJLF7KHZHOOIDLUHG
VKDSHRIWRGD\·VORQJKDXOWUDFWRUWKRXJKLQFUHDVLQJO\
FRPPRQLVPDWFKHGE\DVWXEERUQSHUVLVWHQFHRIROG
VKDSHVWRVXUYLYHULJKWGRZQWRWKHH[WHUQDOORFDWLRQ
RIDLUÀOWHUVDQGÁDWIURQWRIWKH3HWHUELOWPRGHO
:KHQDVNHGDERXWWKLVDFRPSDQ\UHSUHVHQWDWLYHUH
SOLHG´'RHVWKHRSHUDWRUZDQWDWUXFNWKDWORRNVOLNH
DWUXFNRURQHWKDWORRNVPRUHOLNHWKHFXUUHQWFDUVDQG
689V"7KHLVLQKHUHQWO\PRUHDHURG\QDPLFWKDQ
WKHEXWWKHUHDUHDVLJQLÀFDQWQXPEHURIEX\HUV
ZKRZDQWFODVVLFVW\OLQJZLWKDELJHQJLQHDQGDUH
ZLOOLQJWRDFFHSWORZHUIXHOPLOHDJHµ7KLVDWWLWXGH
PDGHWUXFNPDQXIDFWXUHUVUHOXFWDQWWRUDGLFDOO\FKDQJH
6DOW]PDQLQWHUYLHZZLWKDXWKRU6HSWHPEHU7KLVLVHFKRHGLQFRPPHQWVPDGHE\WUXFNHUVLQZKHQVXUYH\HGDERXWWKHLU
SUHIHUHQFHIRU´WUDGLWLRQDOµRU´DHURG\QDPLFµWUXFNVW\OLQJ$VNHGIRUKLVSUHIHUHQFH0HOYLQ0LOOVUHVSRQGHG´5HJXODU7KHQHZHURQHV
ORRNOLNHVRPHWKLQJRXWRI6WDU:DUVµ´'R<RX3UHIHU7UDGLWLRQDORU$HURG\QDPLF7UXFNV"µ2YHUGULYH-XQHKWWSZZZHWUXFNHU
FRPDSSVQHZVDUWLFOHDVS"LG DFFHVVHG-XQH7KHUHLVQRGRXEWWKDWYHKLFOHVDQGWHFKQRORJLHVLQJHQHUDODVZHOODV
SURIHVVLRQVDUHJHQGHUHGDQGQRWMXVWLQ$PHULFDQFXOWXUH6KLSVDQGODWHUDLUSODQHVKDYHWUDGLWLRQDOO\EHHQGHQRWHGDVIHPDOH7UXFNV
KDYHRIWHQEHHQJHQGHUHGPDOHDOWKRXJKWKHUHLVQRH[SOLFLWWUDGLWLRQIRUWKLV$PHULFDQVKDYHHYHQJHQGHUHGFHUWDLQW\SHVRIDXWRPR
ELOHVLQDXQLYHUVLW\VWXGHQWZDVSXOOHGRYHUE\DQ$ODEDPDVWDWHWURRSHUEHFDXVHKHZDVGULYLQJD9RONVZDJHQ1HZ%HHWOHZKLFK
WKHRIÀFHUGHHPHGD´JLUOҋVFDUµ7KHRIÀFHUZDQWHGWRNQRZZK\WKH\RXQJPDQZDVGULYLQJWKH´ZURQJµFDU'U6WHSKDQLH6PLWK$XEXUQ
8QLYHUVLW\+LVWRU\'HSDUWPHQWLQWHUYLHZZLWKWKHDXWKRU$SULO6RPHRIWKLVDXWKRUҋVVWXGHQWVDJUHHGWKDWWKH1HZ%HHWOHZDVD
JLUOҋVFDUEHFDXVHLWKDVDVPDOOYDVHWKDWLVSDUWRIWKHGDVKERDUG0RUHH[DPSOHVRIYHKLFXODUJHQGHULQJFDQEHIRXQGLQQHZVSDSHU
DUWLFOHVGLVFXVVLQJ´OHVELDQµDQG´JD\µFDUVZKLFKLQFOXGHWKH6XEDUX2XWEDFNWKH0D]GD0LDWDDQGWKHQHZ0LQL&RRSHUWKHDVVLJQHG
JHQGHURIZKLFKVHHPVWRGHSHQGRQZKHWKHURUQRWWKHFDULVDFRQYHUWLEOH
([DPSOHVRIWKLVDERXQGLQFOXGLQJSURSHOOHUDLUFUDIWWKDWFRQWLQXHWRÁ\DORQJVLGHMHWVVHYHQW\\HDUVDIWHUMHWVZHUHLQWURGXFHG7DNLQJ
RQHFDVHLQPRUHGHWDLOWKHZKDOLQJVKLS&KDUOHV:0RUJDQÀUVWZHQWWRVHDLQDQGFRQWLQXHGZKDOLQJXQGHUVDLOXQWLOLWVUHWLUHPHQW
LQ<HW\HDUVEHIRUHWKH0RUJDQҋVODXQFKWKH6DYDQQDKEHFDPHWKHÀUVWVKLSWRFURVVWKH$WODQWLFZLWKVWHDPSRZHULQLW
FRXOGQRWFDUU\DOOWKHQHFHVVDU\FRDOWRPDNHWKHWULSHQWLUHO\XQGHUVWHDPDQGZDVXQGHUVDLOPXFKRIWKHZD\EXWWKHSRLQWZDVPDGH
DQGYHVVHOVZHUHSO\LQJWKH$WODQWLFHQWLUHO\XQGHUVWHDPZKLOHWKH0RUJDQZDVVWLOOD\RXQJYHVVHO%\WKHHQGRIWKHQLQHWHHQWKFHQWXU\
ODUJHRFHDQJRLQJVWHDPVKLSVUHOLHGRQFRPSOH[WULSOHDQGHYHQTXDGUXSOHH[SDQVLRQVWHDPHQJLQHVWRFDSWXUHDVPXFKHQHUJ\IURPWKH
VWHDPDVSRVVLEOH,QWKHPLGVWRIWKLVLQFUHDVLQJO\VRSKLVWLFDWHGVWHDPHQJLQHGHYHORSPHQW&KDUOHV$3DUVRQVODXQFKHGKLV7XUELQLDLQ
WKHÀUVWYHVVHOWRKDYHVWHDPWXUELQHVIRUSURSXOVLRQD[LDOÁRZ+HPDGHWKHELJJHVWVSODVKZLWKKLVLQYHQWLRQDW4XHHQ9LFWRULDҋV
'LDPRQG-XELOHHLQ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LQJDIWHUPDUNHWDHURG\QDPLFGHYLFHVVLQFHEXW
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LQJWRQVWDWHEDVHG$HUR:RUNVIRUH[DPSOHWRXWVLWV
´QHZDSSURDFKWR¶ERDWWDLOV·µ1RWHG:D\QH6LPRQV
D.HQZRUWKHQJLQHHUWKHQZRUNLQJZLWK$HUR:RUNV
RQDMRLQWSURMHFWLQ´ 2XUWHVWLQJKDVVKRZQWKDW
WKHLUFRQFHSWERDWWDLOFDQLPSURYHIXHOHFRQRP\E\
VHYHUDOSHUFHQWµEHFDXVHRIDORZHUDHURG\QDPLFGUDJ
FRHIÀFLHQW$QGLQDYHUVLRQRI´ZKDW·VROGLVQHZ
DJDLQµLQUHVHDUFKHU%RE(QJODURIWKH$HUR
VSDFH7UDQVSRUWDWLRQ	$GYDQFHG6\VWHPV/DERUD
WRU\DWWKH*HRUJLD,QVWLWXWHRI7HFKQRORJ\ZRUNLQJ
LQFRQMXQFWLRQZLWK WKH86'HSDUWPHQWRI(QHUJ\
DQGWKH$PHULFDQ7UXFNLQJ$VVRFLDWLRQH[SORUHGDQ
LGHD IRU DHURG\QDPLF LPSURYHPHQWV WKURXJK DFWLYH
ERXQGDU\OD\HUFRQWURO7KHSODQGXEEHGFLUFXODWLRQ
FRQWURO LQYROYHG EORZLQJ DLU RYHU VXUIDFHV RI WKH
WUDLOHUSDUWLFXODUO\WKHWUDLOHU·VWRSHGJH$FFRUGLQJ
WR UHVHDUFKHUV WKLV VPRRWKHG DLUÁRZ UHGXFHG LWV
WXUEXOHQFHDQGOHGWRDVPXFKDVDSHUFHQWGURSLQ
WKHZHLJKWRIWKHWUDLOHUE\JHQHUDWLQJOLIWLPSURYLQJ
YHKLFOH HIÀFLHQF\ ,Q WKDW VDPH VSLULW WKH VSOLWWHU
SODWHZLWKZKLFK )5& HQJLQHHUV H[SHULPHQWHG RQ
WKH FHQWHU·V WUDFWRUWUDLOHU FRPELQDWLRQ DQG WKDW
$HUR9LURQPHQWDOVRWULHGRXWRQLWVVWDQGDUGWUXFN
H[SHULPHQWVKDVUHDSSHDUHGLQDVOLJKWO\PRGLÀHG
IRUPDVWKH´FURVVÁRZYRUWH[WUDSGHYLFHµ,QVWHDG
RIRQHVLQJOHSODWHÀOOLQJPXFKRIWKHJDSEHWZHHQ
FDEDQGWUDLOHU62/866ROXWLRQVDQG7HFKQRORJLHV
LVVHHNLQJDSDWHQW IRUVL[RUVHYHQVPDOOHUSODWHV
DWWDFKHGDWWKHWUDLOHU·VIURQWHQGWKDWDUHPHDQWWR
WUDSFURVVÁRZE\JHQHUDWLQJVPDOOYRUWLFHVEHWZHHQ
SDLUV RI SODWHV7KHÀUPDOVR KDV GHYLVHG D VHW RI
VWUDNHV9RUWH[6WUDNH'HYLFHVWKDWDWWDFKWRWKHDIW
HQGRIWKHWUDLOHUDWDQJOHV7KHWKHRU\LVWKDWDVDLU
ÁRZVRYHUWKHDQJOHGVWUDNHVDYRUWH[EHJLQVVZLUO

LQJLQWRWKHEDVHDUHDRIWKHWUDLOHUDQGUDLVLQJWKH
EDVHSUHVVXUH
$QRWKHUDIWHUPDUNHWÀUPZLWKLWVH\HRQWKHDIWHQG
RIWKHWUDLOHUDWWKHWLPHRIWKLVZULWLQJZDV)UHLJKW
:LQJ,QFZKLFKRIIHUVWUDFWRUWRWUDLOHUJDSEHOO\
DQGUHDUIDLULQJVIRUH[LVWLQJWUDLOHUV7KHIDLULQJVDW
WDFKWRWKHERWWRPRXWHUHGJHVRIWKHWUDLOHUKHOSLQJWR
FORVHRIILWVODUJHRSHQXQGHUVLGH*RUGRQ7UXFNLQJ
,QFKDGDSSOLHG)UHLJKW:LQJ·VWUDLOHUVLGHVNLUWVWR
VRPHRILWVWUDLOHUVRUDERXWDWKLUGRILWVÁHHW
E\PLG7KHHQWLUHÁHHWZLOOKDYHVLGHVNLUWVZKHQ
WKH SURJUDP LV FRPSOHWH7KH DHURG\QDPLF FKDQJH
\LHOGV URXJKO\ D  SHUFHQW LPSURYHPHQW RYHU WKH
VWDQGDUG WUXFN·V IXHOHFRQRP\VDLG.LUN$OWULFKWHU
*7,YLFHSUHVLGHQWRIPDLQWHQDQFH0RUHXQXVXDO
KRZHYHULV)UHLJKW:LQJ·VUHDUIDLULQJDVHWRIFXUYHG
.LUN$OWULFKWHUWHOHSKRQHLQWHUYLHZZLWKWKHDXWKRU-XO\$OWULFKWHUQRWHGWKDW6$(DQGJRYHUQPHQWVWXGLHVRIVLGHVNLUW
HTXLSSHGWUDFWRUWUDLOHUVLGHQWLÀHGIXHOVDYLQJVRISHUFHQWRQDYHUDJHEXWWKDWZDVRQO\RQFORVHGFLUFXLWWHVWWUDFNVZKHUHDV*RUGRQ
7UXFNLQJ,QWHUQDWLRQDOQXPEHUVUHÁHFWHGDFWXDORYHUWKHURDGGULYLQJH[SHULHQFHVFDUU\LQJIUHLJKW
7KHVHWZRLPDJHVVKRZWKHVHFRQGVWRFNWUDFWRUUHDG\WRSXOOWKHWUDLOHURUGLQDULO\SXOOHGE\WKHPRGLÀHGWUDF
WRUQRWHWKHWKUHHKRUL]RQWDOVPHDUVH[WHQGLQJIURPWKHIURQWYHUWLFDOHGJHRIWKHWUDLOHUHYLGHQFHRIWKHUXEEHU
UROOHUVRQWKHJDSVHDOSDQHOV1RWDEOHLQERWKLPDJHVLVWKHVSOLWWHUSODWHDSSOLHGE\WKHIDEULFDWLRQVKRSWRWKH
WUDLOHU·VIURQWIDFH7KHGHYLFHZDVPHDQWWRKHOSFORVHWKHJDSEHWZHHQWUDFWRUDQGWUDLOHUUHGXFLQJFURVVZLQG
HIIHFWVDQGWKHUHVXOWLQJDHURG\QDPLFGUDJ
1$6$          ((
)UHLJKW:LQJ,QFRIIHUVVHYHUDODIWHUPDUNHWSURG
XFWV IRU WUDLOHUV WKDW DUH JDLQLQJ SRSXODULW\ LWHPV
WKDWUHÁHFWUHVHDUFKFRQGXFWHGE\1$6$DQGXQLYHU
VLWLHV$PRQJWKHPLVWKHVLGHVNLUWWKDWFXWVGRZQRQ
FURVVÁRZEHQHDWKWKHWUDLOHUDVZHOODVWXUEXOHQFH
,PDJHFRXUWHV\)UHLJKW:LQJ,QF ,0*
$ FORVHU YLHZRI D WUDLOHU VLGH VNLUW)UHLJKW:LQJ
,QF ZKLFK PDQXIDFWXUHG WKLV VLGH VNLUW RIIHUV D
UDQJH RI SURGXFWV WR UHGXFH DHURG\QDPLF GUDJ RQ
WUDFWRUWUDLOHUXQLWVDVGRVHYHUDORWKHUPDQXIDFWXU
HUV
,PDJHFRXUWHV\)UHLJKW:LQJ,QF:K
 Results
SODWHVDWWDFKWRWKHUHDUGRRUV WRKHOSURXQGRII WKH
WUDLOHUDPRGLÀFDWLRQVLPLODUWRWKH6KRHER[·VERDW
WDLO7KHGLVWLQFWLRQKRZHYHULVWKDW)UHLJKW:LQJ·V
IDLULQJ FROODSVHV TXLFNO\ VR WKDW WKH WUDLOHU·V GRRUV
FDQEHRSHQHGDQGSXVKHGÁDWDJDLQVWLWVVLGHVGXULQJ
ORDGLQJDWDGRFN7KHEHQHÀWFODLPHGZKHQDOOWKUHH
GHYLFHVDUHXVHGWRJHWKHULVDSHUFHQWUHGXFWLRQLQ
863DWHQW³'HSOR\DEOHYHKLFOHIDLULQJVWUXFWXUHLVVXHGRQ2FWREHUIRU´DFRPSDFWUHDUIDLULQJWRUHGXFHWKHGUDJ
LQFLGHQWWRUHODWLYHO\KLJKVSHHGPRYHPHQWRIER[OLNHERGLHVVXFKDVWUXFNVWUDLOHUVDQGFDUJRFRQWDLQHUVLVSURYLGHG7KHVWUXFWXUHRI
WKHIDLULQJLVVXEVWDQWLDOO\ULJLGDQGGHSHQGLQJRQWKHXVHWKHUHRILVIRUPHGZLWKWZRRUPRUHRXWHUVXUIDFHVVKDSHGLQWKHFRQWRXURIWKH
XSSHUVXUIDFHVRIDQDLUIRLOWKHOHDGLQJVXUIDFHVRIZKLFKDUHPRXQWDEOHDGMDFHQWWKHUHDURIWKHER[OLNHERG\DQGWKHWUDLOLQJVXUIDFHV
WKHUHRIEHLQJMRLQHGWRJHWKHUWRIRUPDQDSH[DWLWVUHDUµ7KHIDLULQJLVUHDGLO\PRXQWHGRQDQGGHWDFKHGIURPWKHER[OLNHERGLHVDQG
LQWHUFKDQJHDEOHDPRQJWUXFNVWUDLOHUVDQGFRQWDLQHUVRIWKHVDPHVL]H$VRIWKLVZULWLQJQRIHZHUWKDQSDWHQWVKDYHEHHQLVVXHG
IRUYDULRXVYHKLFOHDHURG\QDPLFLPSURYHPHQWGHYLFHVDWOHDVWQLQHVLQFH4XLWHDIHZDUHIRUFROODSVLEOHERDWWDLOVRQHUHVHPEOHV
DS\UDPLGWLSSHGRQLWVVLGH6HYHUDOSDWHQWVDUHIRUGHYLFHVDWWDFKHGWRWKHWUDLOHUWKDWGLUHFWDLUIURPWKHVLGHVRIWKHWUDLOHUVLQWRWKH
ORZSUHVVXUH]RQHDWWKHWUDLOHUҋVDIWHQGLQFOXGLQJ´SLSHVµDQG´VFRRSVµ6HHIRUH[DPSOH86SDWHQWV

DQG7KHODVWSDWHQWLQWKHOLVWLQYROYHVSLSLQJHQJLQHH[KDXVWWRWKHWUDLOHUҋVEDFN
HQGZLWKWKHKRSHVRIUDLVLQJWKHSUHVVXUHLQWKLVDUHDUHGXFLQJDHURG\QDPLFGUDJ$QLQWHUHVWLQJRQHIURPLVIRUD
´GHSOR\DEOHVWUHDPOLQLQJµIHDWXUHWKDWUHVHPEOHVDQXPEUHOODRSHQHGLQIURQWRIWKHWUXFNFDEVRWKDWWKHWLSRIWKH´XPEUHOODµSRLQWVLQWKH
GLUHFWLRQWKHWUXFNLVPRYLQJ7KLVLVMXVWDVKRUWOLVWRISDWHQWVIRUDHURG\QDPLFLPSURYHPHQWGHYLFHVWDUJHWLQJWUXFNVKWWSZZZJRRJOH
FRPSDWHQWV"LG WK*T$$$$(%$-	GT DFFHVVHG-XQH
IXHOFRQVXPSWLRQRYHUH[LVWLQJXQPRGLÀHGWUDLOHUV
0RUHRYHUWKHSURGXFWVZHUHGHVLJQHGWRÀWEXWQRW
LQWHUIHUHZLWKH[LVWLQJDQGQHZWUXFNPRGHOVRXWÀWWHG
ZLWKWKHLURZQDHURG\QDPLFLPSURYHPHQWV$SDWHQW
ZDVLVVXHGLQIRUDVLPLODUDUUDQJHPHQWDOWKRXJK
WKHFROODSVLEOHERDWWDLOLQWKLVLQVWDQFHLVPXFKPRUH
SURQRXQFHGPRUHFORVHO\UHVHPEOLQJWKHÀQDO6KRH
$ODWHPRGHO*RUGRQ7UXFNLQJ,QFWUDFWRUWUDLOHUXQLWIHDWXULQJDZHOOIDLUHGFDEDQGWUDLOHUVLGHVNLUWV
1$6$           ('

ER[FRQÀJXUDWLRQ$QGDVZLWK.HQZRUWK·V7
WKHÀUVWJHQXLQHDHURG\QDPLFORQJKDXOWUDFWRUÁHHW
RSHUDWRUVDUHSOD\LQJDVXEVWDQWLDOUROHLQSRSXODUL]LQJ
WUDLOHUVLGHVNLUWV
)RU OLYHVWRFNKDXOHUV WKH LQYHVWPHQW LQ WKH UHGH
VLJQRIWUDLOHUVUHQGHUVPDQXIDFWXUHUVGLVLQFOLQHGWR
UHYDPSWKHLUV\VWHPV2QHIDFWRULQWKLVLVWKDWVLQFH
GHUHJXODWLRQ RI WKH OLYHVWRFN KDXOLQJ LQGXVWU\ LQ
 LQGLYLGXDO IDUPHUVUDQFKHUVKDYHEHFRPH WKH
SUHGRPLQDQW RZQHUV RI WKH ´FDWWOH SRWVµ DQG WKHVH
RZQHUVEHQHÀWOLWWOHLQWKHFRVWRIDUHGHVLJQHGWUDLOHU
JLYHQWKHLULQIUHTXHQWXVHDQGSXUFKDVHFRVWV,WLVQRW
HQWLUHO\XQUHDVRQDEOHDUHDFWLRQJLYHQWKDWHDFKFDWWOH
UDQFKHUPD\RZQRQO\DSDLURIWUDLOHUVDQGWKH\UHPDLQ
SDUNHGIRUPRVWRIWKH\HDU0DNHUVRIOLYHVWRFNWUDLOHUV
KDYHVRIDUEHHQLQGLIIHUHQWWRWKHVXJJHVWHGUHVKDS
LQJWKDW6DOW]PDQDQGKLVFROOHDJXHVUHFRPPHQGHG
HVVHQWLDOO\EHFDXVHWKHLUPDUNHWKDVGHPRQVWUDWHGQR
LQWHUHVW LQ WKH FKDQJHV ´$QG WKLV LV LQ VSLWHRI WKH
GDWDIURP0XLUKHDG+RIIPDQ6DQGOLQDQGWKH)5&
DOORIZKLFKVKRZHGWKHVLJQLÀFDQWLPSURYHPHQWWKH
SURSRVHGQHZVKDSHDQGYHQWLODWLRQH[KLELWHGZKHQ
FRPSDUHGWRH[LVWLQJOLYHVWRFNKDXOHUVµ2IFRXUVH
WUDLOHUPDNHUVKDYHQRUHDVRQWRUHGHVLJQWKHLUWUDLOHUV
VR ORQJDV WUXFNVGRQ·W LQFRUSRUDWH WKHGHVLJQV WKDW
PXVWJRKDQGLQKDQGZLWKWKRVHFKDQJHVVSHFLÀFDOO\
WKHIDLULQJVQHFHVVDU\WRFKDQQHODLU WR WKHFDWWOH LQ
WKHWUDLOHUV
0HDQZKLOHHQJLQHHUVDW'U\GHQGLGQRWVLPSO\ÀOH
WKHLUUHSRUWVDQGVKHOYHWKHLGHDVWKH\KDGEHHQZRUN
LQJRQVLQFHWKHPLGV2QWKHKHHOVRIWKHSDSHU
6DOW]PDQ:DQJDQG,OLIISUHVHQWHGDWD$,$$
PHHWLQJ6WHSKHQ$:KLWPRUHDQG7LPRWK\50RHV
ERWKDHURQDXWLFDOHQJLQHHUVDWWKHFHQWHUWRRNXSZRUN
RQWKHLGHDZRUNWKDWUROOHGLQWRDQHZPLOOHQQLXP
8VLQJDVPDOOZLQGWXQQHODW'U\GHQWKHHQJLQHHUV
EHJDQORRNLQJDWWKHGUDJPLQLPDWKDW6DOW]PDQKDG
UHFRJQL]HGIROORZLQJWKH3KRHQL[PHHWLQJ0RWLYDWLQJ
WKLVSDUWLFXODUUHVHDUFKZDVQRWWKHWUXFNLQJLQGXVWU\
KRZHYHUEXWTXHVWLRQVDERXWVKDSHVRIYHKLFOHVHQ
WHULQJWKHDWPRVSKHUHIURPVSDFH&RPLQJIXOOFLUFOH
IURPWKHRULJLQDOH[SHULPHQWVGRQHE\6DOW]PDQDQG
+RUWRQ:KLWPRUHDQG0RHVFRPSOHWHGVWXGLHVRQWKH
GUDJFKDUDFWHULVWLFVRIWKH;DQGLWVOLQHDUDHURVSLNH
HQJLQHDQH[SHULPHQWDOUHXVDEOHVSDFHFUDIWHPSOR\LQJ
DUDGLFDOO\GLIIHUHQWURFNHWPRWRU$VZLWKRWKHUOLIW
LQJERGLHVDQGVSDFHYHKLFOHVWKLVRQHKDGDÁDWEDFN
VXUIDFHZKHUHWKHLQQRYDWLYHURFNHWHQJLQH·VQR]]OH
VDW7KHHQJLQHHUV·REMHFWLYHZDVWRVHHZKHWKHUWKH
RYHUDOOGUDJRIWKH;FRXOGEHLPSURYHGZLWKDW
WHQWLRQWRWKHIRUHERG\
$PRQWKDIWHU:KLWPRUHDQG0RHVSXEOLVKHGWKHLU
UHVXOWVIURPWKH;DQG/$65(/LQHDU$HURVSLNH
65([SHULPHQW GUDJ VWXGLHV WKH\·G FRQGXFWHG
LQ1RYHPEHU  6DOW]PDQ DQG WKUHH FROOHDJXHV
6HHIRUH[DPSOHWKUHHUHFHQWDUWLFOHVDERXWWUXFNLQJÁHHWDFTXLVLWLRQVRIIHDWXUHVVXFKDVVLGHVNLUWV´8WLOLW\7UDLOHUVLGHVNLUWVUHFHLYH
6PDUW:D\YHULÀFDWLRQµ)OHHW2ZQHU)HEUXDU\KWWSÁHHWRZQHUFRPHTXLSPHQWQHZVXWLOLW\WUDLOHUVLGHVNLUWVDFFHVVHG
-XQH6SLULW7UXFN/LQHVRI6DQ-XDQ7H[DVVDLGLWRUGHUHGWUDLOHUVZLWK8WLOLW\7UDLOHU0DQXIDFWXULQJ&RҋVQHZHVWWUDLOHU
VLGHVNLUWV7KH8WLOLW\6LGH6NLUWZLOOFXW6SLULW7UXFN/LQHVҋIXHOFRQVXPSWLRQE\´)OHHWV,QVWDOO$HURG\QDPLF7UXFN7UDLOHU3DUWVµ
7UDQVSRUW7RSLFV2Q/LQH0DUFKKWWSZZZWWQHZVFRPDUWLFOHVEDVHWHPSODWHDVS["VWRU\LG DFFHVVHG-XQH
DQG´:DO0DUW0D\6DYH0LOOLRQZLWK)OHHW(IÀFLHQF\µ&OHDQ)OHHW5HSRUW$XJXVWKWWSZZZFOHDQÁHHWUHSRUWFRPÁHHWV
ZDOPDUWWRVDYHPLOOLRQZLWKK\EULGVDFFHVVHG-XQH
´&DWWOHSRWµLVDVOLJKWO\GHULVLYHWHUPIRUDOLYHVWRFNWUDLOHU
6DOW]PDQWR*HO]HUQRWHVRQPDQXVFULSWGUDIW
6WHSKHQ$:KLWPRUHDQG7LPRWK\50RHV$%DVH'UDJ5HGXFWLRQ([SHULPHQWRQWKH;/LQHDU$HURVSLNH65/$65()OLJKW
3URJUDP(GZDUGV&$1$6$70
/RFNKHHG·V ; UHXVDEOH VSDFH YHKLFOH OLNH
YLUWXDOO\DOO LWV IDPLO\RISUHGHFHVVRUVZDVDEOXQW
DIWERG\YHKLFOHDIHDWXUHGLFWDWHGE\XVHRIDURFNHW
PRWRU,QWKLVFDVHWKHYHKLFOHZDVWREHSRZHUHGE\
DOLQHDUDHURVSLNHHQJLQH7KHSURMHFWQHYHUJRWRII
WKHJURXQG
1$6$    (&
 Results
SURSRVHG D QHZ UHVHDUFKSURMHFW WR IXUWKHU H[SORUH
ZKDW0RHVDQG:KLWPRUHZHUHORRNLQJDWDQGZKDW
6DOW]PDQ KDG ÀUVW UHPDUNHG RQ DIWHU WKH 3KRHQL[
PHHWLQJ7KHSODQZDVWRRQFHDJDLQXVHDJURXQG
UHVHDUFK YHKLFOH ´7KH RSWLPXP IRUHERG\ GUDJ LV
QRWQHFHVVDULO\REWDLQHGE\PLQLPL]LQJWKHIRUHERG\
GUDJµQRWHGWKHIRXU'U\GHQUHVHDUFKHUVLQWKHLUSUR
SRVDO´ ,QIDFWLQWKHVXERSWLPDOUHJLRQDVIRUHERG\
GUDJLVLQFUHDVHGEDVHGUDJZLOOGHFUHDVHFDXVLQJDQ
RYHUDOOUHGXFWLRQLQYHKLFOHGUDJ>HPSKDVLVDGGHG@µ
&HQWHUPDQDJHUV DSSURYHG WKH UHVHDUFKSURJUDP
ZKLFKOHGWRDQHZJURXQGUHVHDUFKYHKLFOHDIIHFWLRQ
DWHO\GXEEHGWKH5RDGUXQQHU7KLVRQHZDVD&KHYUROHW
7LP0RHV7RQ\:KLWPRUH.HQ,OLIIDQG(G6DOW]PDQ´%DVH'UDJ5HVHDUFK8VLQJD*URXQG5HVHDUFK9HKLFOHµLQWHUQDOPHPR
VHHNLQJIXQGLQJDSSURYDOIRUDQHZSURMHFW2FWREHU
,QFUHDVLQJWKHYHKLFOHҋVOHQJWKUHODWLYHWRLWVGLDPHWHUZDVHVVHQWLDOWRWKHHQJLQHHUVZKRZDQWHGWRIDFWRU5H\QROGVQXPEHUVLQWR
WKHLULQYHVWLJDWLRQVVRPHWKLQJWKDWFKDQJLQJERWKWKHYHKLFOHҋVÀQHQHVVUDWLRDQGVXUIDFHURXJKQHVVPDGHSRVVLEOH
KHDY\GXW\YDQWKDWZDVRQFHDJDLQPRGLÀHGE\WKH
FHQWHU·VPRWRUSRRODQGIDEULFDWLRQVKRSV:KHUHDV
RQO\WKHH[WHULRURIWKH6KRHER[KDGEHHQPRGLÀHG
WKH5RDGUXQQHUZDV DOWHUHG RQ WKH LQVLGH DVZHOO
6KRS WHFKQLFLDQV FXW DSDUW WKH YHKLFOH·V IUDPH DQG
IDEULFDWHGDGGLWLRQDO IUDPLQJ WKDWDOORZHG WKHFUHZ
WR RSHQ WKH YHKLFOH DQG DGG D VHJPHQW WKDWZRXOG
OHQJWKHQ WKHPDFKLQHRU UHPRYH LWDQGVKRUWHQ WKH
YHKLFOH$WLWVJUHDWHVWOHQJWKWKH5RDGUXQQHUKDGD
ÀQHQHVVUDWLRUHSUHVHQWDWLYHRIDW\SLFDOWUDFWRUWUDLOHU
FRPELQDWLRQ7HFKQLFLDQVPDGHLWSRVVLEOHWRGLVHQ
JDJHWKHGULYHOLQHLQRUGHUWRUHGXFHWKHPHFKDQLFDO
GUDJGXULQJFRDVWGRZQWHVWV$UPHGZLWK6DOW]PDQ·V
7KH/LQHDU$HURVSLNH65([SHULPHQW/$65(LQYROYHGDVFDOHGOLQHDUDHURVSLNHHQJLQHPRXQWHGRQWKH
GRUVDODUHDRID1$6$65
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UHYHODWLRQ UHJDUGLQJÀQLWH UHWXUQV RQ DHURG\QDPLF
PRGLÀFDWLRQVIRUEOXQWYHKLFOHV&RUH\'LHEOHUDQG
0DUN6PLWK XQGHUWRRN WHVWV XVLQJ WKH5RDGUXQQHU
7KH\VHWRXWWRHYDOXDWH+RHUQHU·VRULJLQDOWZRDQG
WKUHHGLPHQVLRQDO HTXDWLRQV IRU EDVH GUDJ SUHGLF
WLRQVVWDUWLQJZLWK WKHK\SRWKHVLV WKDW´DQHZEDVH
GUDJSUHGLFWLRQPRGHO >ZDV@QHHGHG IRU ODUJHVFDOH
YHKLFOHVµ )RUZKLOH+RHUQHU SUHGLFWHG D ULVH LQ
EDVHGUDJDVIRUHERG\GUDJZDVUHGXFHGUHVHDUFKRQ
WKH6KRHER[UHLQIRUFHGE\GDWDFROOHFWHGZLWKEOXQW
DLUYHKLFOHVVKRZHGWKDW´+RHUQHU·VIRUPXODJUHDWO\
XQGHUHVWLPDWHVWKLVGHSHQGHQFHRIEDVHGUDJRQIRUH
ERG\HIÀFLHQF\µ
)ROORZLQJWKHLQLWLDOEDVHOLQHWHVWVWKH\PRYHGWR
WKHQH[WSKDVHVWDUWLQJZLWKDGHFHSWLYHO\VLPSOHLGHD
WKDWFRDUVHQLQJWKHYHKLFOH·VIRUHERG\VXUIDFHURXJK
QHVVZRXOGWKLFNHQWKHERXQGDU\OD\HUZKLFKLQWXUQ
'LHEOHUDQG6PLWK$*URXQG%DVHG5HVHDUFK9HKLFOH
(GZLQ-6DOW]PDQDQG5REHUW50H\HU-U$5HDVVHVVPHQWRI+HDY\'XW\7UXFN$HURG\QDPLF'HVLJQ)HDWXUHVDQG3ULRULWLHV1$6$
73-XQH´7KHGHPRQVWUDWHGLQFUHDVHLQEDVHGUDJDVVRFLDWHGZLWKIRUHERG\UHÀQHPHQWLQGLFDWHVWKDWWKHJRDO
RIDGUDJFRHIÀFLHQWZLOOQRWEHDFKLHYHGZLWKRXWDOVRUHGXFLQJDIWHUERG\GUDJ$WKLUGFRQÀJXUDWLRQRIWKHWHVWYDQKDGDWUXQFDWHG
ERDWWDLOWRUHGXFHDIWHUERG\GUDJDQGDFKLHYHGDGUDJFRHIÀFLHQWRIµ
,Q1$6$'U\GHQEHJDQDUHVHDUFKSURMHFWZLWK
D QHZ JURXQG YHKLFOH GXEEHG WKH 5RDGUXQQHU 7KH
IDEULFDWLRQVKRSFXWRIIWKHUHDUSRUWLRQRID&KHYUROHW
YDQDWOHIWWRSDQGERWWRPDQGFXWWKHFKDVVLVLQKDOI
VRDVHFWLRQFRXOGEHDGGHGWROHQJWKHQWKHYHKLFOHLQ
RUGHUWRFKDQJHDFKLHYHGLIIHUHQW5H\QROGVQXPEHUV
DERYH
&ORFNZLVH1$6$(&(&
(&
+HUHWKH5RDGUXQQHU·VVXEVWUXFWXUHLVYLVLEOHDVLWLV
EHLQJEXLOWXS1RWLFHDEOHLVWKDWWKHIUDPHZRUNDOORZV
WKHEDFNVHFWLRQ WREHUHPRYHGDOWRJHWKHUFKDQJLQJ
WKH5H\QROGVQXPEHUVRIWKHYHKLFOHLQPRWLRQ
1$6$    (&
 Results
$ERYHDQGEHORZWKH*URXQG5HVHDUFK9HKLFOH5RDGUXQQHUGXULQJUXQVRQWKH1$6$'U\GHQÁLJKWOLQH7XIWV
RI\DUQVKRZFKDRWLFDLUÁRZRYHUWKHYHKLFOH·VÀUVWKDOIEXWIDLUO\VPRRWKDQGFRQWUROOHGDLUÁRZRYHUWKHODWWHU
KDOI$UDNHXVHGWRPHDVXUHERXQGDU\OD\HUVVWDQGVDERYHWKHURRÁLQHDWWKHYHKLFOH·VDIWHQG
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ZRXOGUHGXFHWKHSXPSLQJDFWLRQRIWKHDLUÁRZDVLW
HQFRXQWHUHGWKHEDVHRIWKHYHKLFOH$WKLFNHUERXQG
DU\OD\HUJHQHUDWHVPRUHGUDJEXWWKLVLVDPLQRUSHQ
DOW\FRPSDUHGWRWKHUHGXFWLRQLQSUHVVXUHGURSDWWKH
YHKLFOH·VDIWHQGDQGWKHHQVXLQJGUDJUHGXFWLRQ³XS
WRDFULWLFDOSRLQWRIFRXUVH´7KHSKHQRPHQD>GUDJ
EXFNHW@LVGLUHFWO\UHODWHGWRWKHERXQGDU\OD\HUWKLFN
QHVVµQRWHG0RHV:KLWPRUH,OOLIDQG6DOW]PDQLQ
WKHLUSURSRVDO$VDLUÁRZEHFRPHV ODPLQDU LW ORVHV
HQHUJ\WKLVLQWXUQPDNHVLWLQFUHDVLQJO\OHVVOLNHO\
WKDWWKLVÁRZZLOOUHPDLQDWWDFKHGWRWKHVXUIDFHRYHU
ZKLFKLWLVÁRZLQJ,QFRQWUDVWDWXUEXOHQWERXQGDU\
OD\HUHQHUJL]HVWKHDLUÁRZKHOSLQJWRNHHSWKDWDLUÁRZ
&RUH\'LHEOHUDQG0DUN6PLWK$*URXQG%DVHG5HVHDUFK9HKLFOHIRU%DVH'UDJ6WXGLHVDW6XEVRQLF6SHHGV(GZDUGV&$1$6$
701RYHPEHU
DWWDFKHGWRWKHYHKLFOHIXUWKHUDORQJLWVVXUIDFHZLQJ
RU WUDLOHU7KRXJK D WXUEXOHQW ERXQGDU\ OD\HU DOVR
DGGVVRPHGUDJDVFRPSDUHGZLWKODPLQDUÁRZWKH
SD\EDFNFRPHVE\NHHSLQJWKDWDLUÁRZDWWDFKHGWRWKH
VXUIDFHORQJHUWKXVUHGXFLQJDGUDPDWLFLQFUHDVHLQ
GUDJ'ULYLQJWKHQHZUHVHDUFKZDVWKHFRXQWHULQWXL
WLYHIDFWWKDWLVDQDWWULEXWHRIWKHGUDJEXFNHW´)RU
FHUWDLQFRQÀJXUDWLRQVµUHDGDQDEVWUDFWIURPDSDSHU
ZULWWHQHDUO\ LQ WKHSURMHFW´WKHWRWDOGUDJRIDYH
KLFOHFDQEHUHGXFHGE\LQFUHDVLQJLWVIRUHERG\GUDJµ
7KHUHVHDUFKZRXOGEHDSSOLFDEOHRQVXFK WKLQJV
DV WUXFNV EXVHV DQGPRWRU KRPHV QRW WRPHQWLRQ
UHHQWU\YHKLFOHV
0HPEHUVRIWKHIDEULFDWLRQVKRSWHDPUHVSRQVLEOHIRUWKH5RDGUXQQHU·VVWUXFWXUDOPRGLÀFDWLRQ)URPOHIWDUH7RP
.LQJ-DVRQ'HQPDQ-HUU\5HHG\DQG'DOH+LOOLDUG
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´$WXUEXOHQWERXQGDU\OD\HUWKDWLVWKLQLVDQHIÀFLHQWSXPSDWWKHDIWHGJHRIWKHYHKLFOHLWVXFNVGRZQWKHEDVHSUHVVXUHWRDORZYDOXH
DQGLQFUHDVHVEDVHGUDJ$WKLFNERXQGDU\OD\HUUHPDLQVDWWDFKHGWRWKHVXUIDFHEXWEHFDXVHLWLVWKLFNLWLVDOHVVHIÀFLHQWSXPSDQG
FDQQRWSXPSGRZQWKHSUHVVXUHRQWKHEDVHVXUIDFHDVORZDVWKHWKLQERXQGDU\OD\HUFDQµ6DOW]PDQWR*HO]HUQRWHVRQPDQXVFULSW
GUDIW
5HVHDUFKHUVH[DPLQLQJÁXLGG\QDPLFVDQGJROIEDOO
PDNHUVNQHZWKHFRXQWHULQWXLWLYHWKHEHVWZD\WRUH
GXFHGUDJRQDODPLQDUÁRZREMHFWZDVWRLQFUHDVHGUDJ
RQWKHIRUHERG\$GGLQJGUDJE\FUHDWLQJDQHQHUJL]HG
DLUÁRZVHHPVDWRGGVZLWKWKHWUXFNIDLULQJSURJUDP·V
REMHFWLYHVEXWGRLQJVRSDLGKLJKHUGLYLGHQGVWKDQWKH
SHQDOW\RIDGGHGIRUHERG\GUDJ7KHFULWLFDOHOHPHQW
LQWKLVLVWKDWWKHEDVHGUDJGRHVQRWGURSDVPXFKZLWK
D WKLFNERXQGDU\ OD\HUDV LWGRHVZLWKD WKLQ OD\HU
DQGWKHREMHFWLYHLVWRUDLVHEDVHSUHVVXUHLQRUGHUWR
UHGXFHDHURG\QDPLFGUDJ$VZLWKPDQ\SURMHFWVWKH
5RDGUXQQHU UHPDLQVXQÀQLVKHG/DUJHU LPSHUDWLYHV
GUHZWKHUHVHDUFKHUVDZD\WRRWKHUSURMHFWVDQGGLG
QRWDOORZ WKHPWR UHWXUQDV WKH\ZRXOGKDYH OLNHG
%XWXQÀQLVKHGGRHVQRWPHDQLW·VRYHUDVWKH3KRHQL[
PHHWLQJSURYHGIRU6DOW]PDQDQGWKH´GUDJEXFNHWµ
VRRSSRUWXQLWLHVUHPDLQWRH[SDQGRQWKHIRXQGDWLRQ
EXLOWKHUHDWWKH1$6$FHQWHULQWKHGHVHUW$VIXHO
FRVWVFRQWLQXH WRFOLPE WKHUH UHPDLQV WKHTXHVWLRQ
RIZKHWKHU ORQJKDXO WUXFNV ODFNLQJ DHURG\QDPLF
LPSURYHPHQWVZLOOFRQWLQXHWRSO\WKHQDWLRQ·VURDGV
7KHVDPHTXHVWLRQFDQEHDVNHGRIWKHPRWRUKRPH
LQGXVWU\ZKLFK VHHPVRQ WKH VXUIDFH WR EH ODUJHO\
LPPXQH WR FRQFHUQV DERXW YHKLFOH DHURG\QDPLFV
&RQFHVVLRQVWRLGHDOVKDSHVRYHUIXQFWLRQDOLW\DSSHDU
QHFHVVDU\ EHIRUHPRWRU KRPHV H[KLELW WKH FKDQJHV
WUDFWRUV²DQGVRPHWUDLOHUV²KDYHXQGHUJRQH
5RXJKHQLQJDVXUIDFHFDQUHGXFHGUDJVRPHWKLQJEDVHEDOOSLWFKHUVDQGJROIHUVNQRZZHOO,QWKHLPDJHDWOHIW
DODPLQDUERXQGDU\OD\HUEHJLQVWRVHSDUDWHMXVWDKHDGRIWKHVSKHUH·V´HTXDWRUµLWVRRQEUHDNVDZD\IURP
WKHVSKHUHHQWLUHO\DQGEHFRPHVWXUEXOHQW$WULJKWDZLUHDWWKH´HTXDWRUµWULSVWKHERXQGDU\OD\HULQLWLDWLQJ
WXUEXOHQFH$VDUHVXOWWKHÁRZDGKHUHVWRWKHVXUIDFHIDUWKHUGRZQVWUHDP
,PDJHVE\+HQUL:HUOpFRXUWHV\2QHUDWKH)UHQFK$HURVSDFH/DERUDWRU\&&
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Chapter Eleven
The Social Construction
of a Technology
7KHFKDQJHVGLVFXVVHGKHUHDUHSK\VLFDORQHVWKH
LQWDQJLEOHLVWKHFXOWXUDOFKDQJHWKDWDFFRPSDQLHVWKH
PDWHULDOUHVKDSLQJRIRXUZRUOGDQGWKLQJVLQLWDQG
WKHLQLWLDOUHDFWLRQWRWKH)5&KLJKO\IDLUHGWUDFWRU
WUDLOHUXQLWDQGWRWKH.HQZRUWK7VXJJHVWVPRUH
WKDQDIHZTXHVWLRQV)RULQVWDQFHLIPDNLQJPRQH\LV
FHQWUDOWR$PHULFDQFXOWXUHWKHQPDNLQJWKDWPRQH\
PRUH HIÀFLHQWO\ZRXOG VHHP D VRFLDOO\ DFFHSWDEOH
SXUVXLW%XWLVLW"
7KHVPDOOSRSXODWLRQRIFRORQLVWVLQ1RUWK$PHUL
FD³VPDOOUHODWLYHWRWKHFRQWLQHQW·VODQGPDVVZKHQ
FRPSDUHGWRWKDWRI(XURSH³ELUWKHGDWUHQGIRUHIÀ
FLHQF\DQGVSHHGVWDUWLQJLQWKHHLJKWHHQWKFHQWXU\WKDW
PDQ\LQ(XURSHUHPDUNHGXSRQ7DNHSHODJLFZKDO
LQJIRULQVWDQFHZKLFKZDVD(XURSHDQLQYHQWLRQ$
VKLSSXWWRVHDLWVVDLORUVNLOOHGDQGEXWFKHUHGZKDOHV
WKHQVWRUHGWKHIDWLQKRJVKHDGVEHORZGHFNXQWLODOO
ZHUHIXOODQGWKHQWKHVKLSUHWXUQHGWRSRUWZKHUH
WKHEOXEEHUZDVFRRNHGGRZQLQWRRLOLQWU\ZRUNV
6RORQJDVZKDOLQJZDVFRQÀQHGWRWKHSRODUUHJLRQV
WKLQJVZHUH QRW VR EDG%XW DVZKDOHUVZDQGHUHG
IXUWKHUVRXWKLQVHDUFKRISUH\WKHEOXEEHUGHFD\HG
IDVWHUPDNLQJZKDOLQJVKLSVRIWKHVHYHQWHHQWKDQG
HLJKWHHQWKFHQWXULHVYHVVHOVWREHDYRLGHGDWDOOFRVWV
$Q$PHULFDQFDSWDLQLVFUHGLWHGZLWKÀUVWSXWWLQJD
WU\ZRUNV RQ ERDUG DZKDOHU LQ &KULVWRSKHU
+XVVH\FKRVHWRWDNHWKHIDFWRU\WRVHDZLWKKLPLQ
WKHIRUPRIWZRODUJHFDXOGURQVKHOGLQSODFHDERYHD
EULFNVWUXFWXUH:KDOHEOXEEHUZDVUHQGHUHGLQWRRLO
LQWKHFDXOGURQVDQGWKHQVWRZHGEHORZZKHUHLWKDGD
QHDUO\LQGHÀQLWHOLIH³DQGQRSDUWLFXODURGRU6WRZLQJ
RLOUDWKHUWKDQEOXEEHUZDVDIDUPRUHHIÀFLHQWXVHRI
OLPLWHGVSDFHDVZHOO2QFHVWDUWHGWKHWU\ZRUNVZDV
IHGZLWKFUDFNOLQJVIURPWKHFDXOGURQVPDNLQJWKH
SURFHVVDOPRVWVHOIVXVWDLQLQJ,WZDVQ·WORQJEHIRUH
$PHULFDQZKDOHUVDGRSWHGWKLVPHWKRGHQPDVVHDQG
VRRQGRPLQDWHGZKDOLQJWKHZRUOGRYHU
$QGZKDOLQJZDVQ·WWKHRQO\H[DPSOHRIDTXHVWIRU
JUHDWHUHIÀFLHQF\DQGVRDEHWWHUUHWXUQRQDQLQYHVW
PHQW,Q2OLYHU(YDQVEXLOWZKDWLVFRQVLGHUHG
WREHWKHÀUVWDXWRPDWLFÁRXUPLOOLQ'HODZDUH:KLOH
HOVHZKHUHHYHU\WKLQJEXWJULQGLQJWKHJUDLQZDVGRQH
E\KDQG(YDQ·V5HG&OD\&UHHN0LOODXWRPDWHGHDFK
VWHSRIWKHSURFHVVZLWKPDFKLQHU\SRZHUHG³OLNHWKH
6HHIRUH[DPSOH%URRNH+LQGOHDQG6WHYHQ/XEDU(QJLQHVRI&KDQJH7KH$PHULFDQ,QGXVWULDO5HYROXWLRQ:DVKLQJWRQ
'&6PLWKVRQLDQ,QVWLWXWLRQ3UHVVDVMXVWRQHERRNRQWKHVXEMHFW2EVHUYHG(QJOLVKPDQ-0LOWRQ0DFNLHLQWKHHDUO\V
GXULQJKLVWRXURIWKH86´(YHU\PDQLVHLWKHUMXVWLQIURP&LQFLQQDWLRU&KLFDJRRUKHLVVWDUWLQJIRURQHRIWKHVHSODFHV8QOHVVKH
PDNHVKLVKXQGUHGPLOHVEHWZHHQEUHDNIDVWDQGGLQQHUKHFRXQWVKLPVHOIDQLGOHUDQGWDONVRIJURZLQJUXVW\,VDZLQWKH:HVWQRVLJQV
RITXLHWHQMR\PHQWRIOLIHEXWRQO\DKDVWHWRJHWULFK+HUHDUHQRLGOHUVµ-0LOWRQ0DFNLH)URP&DSH&RGWR'L[LHDQGWKH7URSLFV
YROXPHV1HZ<RUN3XWQDP(EHQH]HU'DYLHVDIHOORZ(QJOLVKWRXULVWZDVDVNHGWRSUHDFKDVHUPRQZKLOHYLVLWLQJ
&LQFLQQDWL2IWKHH[SHULHQFHKHODWHUZURWH´$WWKHFORVHRIWKHVHUPRQKDYLQJSURQRXQFHGWKHEHQHGLFWLRQ,HQJDJHGDFFRUGLQJWR
(QJOLVKFXVWRPLQDVKRUWDFWRISULYDWHGHYRWLRQ:KHQ,UDLVHGP\KHDGDQGRSHQHGP\H\HVWKHYHU\ODVWPDQRIWKHFRQJUHJDWLRQ
ZDVDFWXDOO\PDNLQJKLVH[LWWKURXJKWKHGRRUZD\DQGLWZDVTXLWHDVPXFKDV,FRXOGPDQDJHWRSXWRQP\WRSFRDWDQGJORYHVDQG
UHDFKWKHGRRUEHIRUHWKHVH[WRQFORVHGLW7KLVUXVKLQJKDELWLQWKH+RXVHRI*RGVWULNHVDVWUDQJHUDVUXGHDQGLUUHYHUHQW$PDQ
PDUFKHVLQWRKLVSHZRUKLVSXOSLWVLWVGRZQZLSHVKLVQRVHDQGVWDUHVDOODERXWKLPDQGDWWKHFORVHWKHPRPHQWWKHҊ$PHQҋLV
XWWHUHGKHLVRIIZLWKDVPXFKVSHHGDVLIKLVKRXVHZHUHRQÀUHµ(EHQH]HU'DYLHV$PHULFDQ6FHQHVDQG&KULVWLDQ6ODYHU\$UHFHQW
7RXURI)RXU7KRXVDQG0LOHVLQWKH8QLWHG6WDWHV/RQGRQ-RKQ6QRZ
7KHUHDUHDFFRXQWVIURPWKLVSHULRGRIZKDOHEOXEEHUÀ]]LQJLQWKHEDUUHOVEHORZGHFNVDVLWGHFD\HGZKLOHWKHZKDOHUVDLOHGRQIRU
PRUHFDUJRDQGWKHGHVFULSWLRQRIWKHVWHQFKWKDWFOXQJWRWKHVHYHVVHOVOHDYHVOLWWOHWRWKHLPDJLQDWLRQ
6DPXHO(OOLRW0RUULVRQ7KH0DULWLPH+LVWRU\RI0DVVDFKXVHWWV%RVWRQ+RXJKWRQ0LIÁLQ
 The Social Construction of a Technology
JULVWPLOO LWVHOI³E\ZDWHU VR WKDWZKDWHPHUJHGDW
WKHHQGZDVEDJJHGÁRXUWKDWKDGPHUHO\WREHVHZQ
FORVHG2U WDNH7KRPDV%ODQFKDUGZKRE\
KDGFUHDWHGDVHWRIPDFKLQHVWKDWEHFDPHFHQWUDOWR
JXQPDNLQJLQ86DUPRULHV$SDUWLFXODUO\LQJHQLRXV
LQYHQWLRQRIKLVZDVDODWKHFDSDEOHRIFDUYLQJLUUHJXODU
VKDSHVVXFKDVJXQVWRFNVKHUHWRIRUHODWKHVZHUHRQO\
XVHIXOLQWXUQLQJV\PPHWULFDOLWHPV7KHUHVXOWZDV
WKDWLWQRZFRVWOHVVWRPDNHDULÁHEHFDXVHXQVNLOOHG
ODERUHYHQER\VFRXOGWHQGWKHODWKHVDQGLWWRRNIDU
OHVVWLPHWRPDNHWKHPDVZHOO7KHDELOLW\WRPDNH
JHQXLQHO\ LQWHUFKDQJHDEOH SDUWV VRPHWKLQJ RIWHQ
EXWLQFRUUHFWO\FUHGLWHGWR(OL:KLWQH\DOVRKDVLWV
URRWVLQWKH86DUPRULHV$VPDFKLQHVUHSODFHGJXQ
VPLWKV³DQGSURGXFHGPRUHSDUWVWKDWZHUHJHQXLQHO\
LQWHUFKDQJHDEOHLQWKHSURFHVV³WKRVHPDFKLQHVGURYH
GRZQWKHFRVWRIJXQVZKLOH LQFUHDVLQJSURGXFWLRQ
1RWVXUSULVLQJO\WKHJXQVPLWKVUHDFWHGQHJDWLYHO\EXW
QHLWKHU(YDQVQRU%ODQFKDUGQRUDQ\RQHHOVHDVVRFL
DWHGZLWKZKDWHYHQWXDOO\FDPHWREHNQRZQDVWKH
¶$PHULFDQV\VWHP·VXIIHUHGJHQHUDOSXEOLFVFRUQIRU
LPSURYLQJDQH[LVWLQJV\VWHPRUVHHNLQJHIÀFLHQF\
5DWKHUSHRSOHOLNH&\UXV0F&RUPLFNZKRGLGQRW
LQYHQWWKHPHFKDQLFDOUHDSHUEXWGLGÀJXUHRXWKRZWR
PDVVSURGXFHDQGHVSHFLDOO\PDUNHWWKHPDFKLQHHIIHF
WLYHO\ZHQWRQWREHFHOHEUDWHGIRUWKHLUFRQWULEXWLRQV
:KDW WKHVHH[DPSOHVHSLWRPL]H LVDTXHVW IRUHI
´7KH*HQLXVRI2OLYHU(YDQVµ-RVHSK*LHV$PHULFDQ+HULWDJHFRPKWWSZZZDPHULFDQKHULWDJHFRPDUWLFOHVPDJD]LQH
LWBBVKWPODFFHVVHG-XQH(YDQVUHFHLYHG86SDWHQWQRIRUKLVPLOO+HDOVRGHVLJQHGDQGEXLOWWKH2UXNWHU
$PSKLERORVDVWHDPSRZHUHGVHOISURSHOOHGDPSKLELRXVGUHGJHIRUWKHFLW\RI3KLODGHOSKLDLQ+HGURYHWKHWRQPDFKLQH
DZNZDUGO\WKURXJKWKHVWUHHWVDQGLQWRWKHZDWHURQLWVRZQSRZHUDQGWKRXJKLWZDVDUHPDUNDEOHLGHDLWZDVDKHDGRILWVWLPHDQG
IDLOHGWRPHHWH[SHFWDWLRQV:KLOHRWKHUVUHOLHGRQUHODWLYHO\ORZSUHVVXUHVWHDPHQJLQHVIRUSRZHU(YDQVIDYRUHGKLJKSUHVVXUHVWHDP
DQGGHVLJQHGDQGEXLOWKLVRZQHQJLQHV+LVVWHDPHQJLQHVZHUHVPDOOHUOLJKWHUDQGPRUHSRZHUIXODVDUHVXOW
+LQGOHDQG/XEDU(QJLQHVRI&KDQJH%ODQFKDUGҋVÀUVWVXFFHVVIXOXVHRIKLVODWKHWRFXWLUUHJXODUVKDSHVZDVZLWKVKRH
ODVWV5HJDUGLQJFKDQJHVLQWKHDUPRULHVVHH0HUULWW5RH6PLWK+DUSHUV)HUU\$UPRU\DQGWKH1HZ7HFKQRORJ\7KH&KDOOHQJHRI
&KDQJH,WKDFD&RUQHOO8QLYHUVLW\3UHVV1RWVXUSULVLQJO\WKHDUVHQDOFUDIWVPHQUHVLVWHGWKHFKDQJHVEURXJKWE\LQGXVWULDOL]DWLRQ
DQGDYLROHQWVWULNHHQVXHG:RUVHZKHQVXSHULQWHQGDQW7KRPDV'XQQHQIRUFHGQHZZRUNSDWWHUQVDGLVJUXQWOHGRQHWLPHHPSOR\HH
PXUGHUHGKLP,QWKHHQGKRZHYHUWKHQHZZRUNSDWWHUQVIRUFHGRXWERWKWKHFUDIWVPHQDQGWKHLUZD\V7KHPDWWHURIHIÀFLHQF\LQ
WKHZRUNSODFHLVQRWQHDUO\DVVLPSOHDVWKLVVKRUWYHUVLRQZRXOGVXJJHVWRIFRXUVH,WLQYROYHVSXWWLQJ´VNLOOµLQDPDFKLQHWKDWLQWXUQ
PDNHVODERUJHQHUDOO\WKHXQVNLOOHGSDUWQHULQWKHSURFHVVDVKLIWLQFRQWURORIWKHZRUNSODFHIURPZRUNHUWRPDQDJHUDQGDKRVWRI
EHQHÀWVDQGWHQVLRQVWROLVWEXWWKUHHHOHPHQWV,QWKHFDVHRI+DUSHUV)HUU\WKHFRPPXQLW\LWVHOIZDVFHQWUDOWRWKHVWRU\LWVHOIDV
ZHOO7KHFRPSXOVLRQIRUHIÀFLHQF\DFTXLUHGQHZPRPHQWXPLQWKHHDUO\WZHQWLHWKFHQWXU\ZLWKWKHDGYHQWRI7D\ORULVPDQG6FLHQWLÀF
0DQDJHPHQWDQGHIÀFLHQF\UHPDLQVDGULYLQJIRUFHLQPRGHUQVRFLHW\
7KHUHSXEOLFDQYDOXHV.DVVRQUHIHUUHGWRZHUHQRWWKRVHRIDSROLWLFDOSDUW\EXWWKRVHRIDSROLWLFDOSKLORVRSK\RILQGLYLGXDOULJKWVDQG
OLEHUW\ZLWKDJRYHUQPHQWUHVSRQVLYHWRLWVFLWL]HQU\DQGZKLFKZDVLQPDUNHGFRQWUDVWWRD(XURSHDQWUDGLWLRQRIKHUHGLWDU\QRELOLW\-RKQ
.DVVRQ&LYLOL]LQJWKH0DFKLQH7HFKQRORJ\DQG5HSXEOLFDQ9DOXHVLQ$PHULFDQ1HZ<RUN*URVVPDQ3XEOLVKHUV
UHSULQW1HZ<RUN3HQJXLQ%RRNV
$OH[LVGH7RFTXHYLOOH'HPRFUDF\LQ$PHULFDWUDQVODWHGE\*HRUJH/DZUHQFHDQGHGLWHGE\-30H\HUYRO1HZ<RUN+DUSHU	
5RZUHSULQWE\$QFKRU%RRNV6HHDOVR=ROWDQ6LPRQ7KH'RXEOH(GJHG6ZRUG7KH7HFKQRORJLFDO6XEOLPHLQ$PHULFDQ
1RYHOV%XGDSHVW$NDGHPLD.LDGR
ÀFLHQF\W\SLFDOO\LQPDQXIDFWXULQJZKLFKGUHZWKH
DWWHQWLRQDQGIUHTXHQWO\WKHDGPLUDWLRQRIPDQ\LQ
WKHZRUOG7KDWHIÀFLHQF\LQWXUQVWRRGWRLPSURYH
WKHRZQHURURSHUDWRU·VVWDQGLQJLQWKHFRPPXQLW\E\
LQFUHDVLQJKLVZHDOWKZKLFKLQWXUQZDVWKHSULQFLSDO
PHDQVRIPHDVXULQJZRUWKLQDVRFLHW\WKDWUHMHFWHG
DQLQKHULWHGDULVWRFUDF\:ULWLQJDERXWWKHQLQHWHHQWK
FHQWXU\ KLVWRULDQ -RKQ.DVVRQ QRWHG WKDW ´$PHUL
FDQV· LQWHQVH DHVWKHWLF UHVSRQVH WR WHFKQRORJ\ DQG
WKHLUGHVLUHWRGLVFRYHUEHDXW\LQXWLOLW\ZHUHURRWHG
LQUHSXEOLFDQYDOXHVµVLQFHWKLVWHFKQRORJ\SURYLGHG
RSSRUWXQLW\IRULQGLYLGXDODGYDQFHPHQW)UHQFKPDQ
$OH[LVGH7RFTXHYLOOHRVWHQVLEO\VHQWE\KLVJRYHUQ
PHQW LQWRVXUYH\WKH$PHULFDQSHQDOV\VWHP
VSHQWWZR\HDUVWRXULQJWKH8QLWHG6WDWHV2QFHEDFN
KRPHKHZURWHZKDWLVVWLOOFRQVLGHUHGRQHRIWKHEHVW
DQGPRVWFRPSUHKHQVLYHHDUO\DVVHVVPHQWVRI$PHUL
FDQ86QRW&RORQLDOFXOWXUHE\DIRUHLJQHUZKLFK
KHVXEVHTXHQWO\SXEOLVKHGLQWZRYROXPHV$PHULFDQV
KHVDLG´FXOWLYDWHWKRVHDUWVZKLFKKHOSWRPDNHOLIH
FRPIRUWDEOH UDWKHU WKDQ WKRVHZKLFK DGRUQ LW7KH\
KDELWXDOO\SXWXVHEHIRUHEHDXW\DQGWKH\ZDQWEHDXW\
WREHXVHIXOµ
<HWLIZHPRYHDKHDGPRUHWKDQ\HDUVZHÀQG
WKDWZKHQLWFDPHWRWUXFNLQJHDUQLQJPRUHWKDQ\RXU
QHLJKERUE\GULYLQJDPRUHHIÀFLHQWWUXFNFOHDUO\FDU
ULHGZLWK LWXQPDQO\RYHUWRQHVDV UHIHUHQFHV WR WKH

FHQWHU·V ´VLVV\ WUXFNµ LQGLFDWH$QGZKHQ&RQWUDFW
)UHLJKWHUVEHJDQEX\LQJWKH7WKHWUXFNEURXJKW
VRPHPHQWRWHDUVDWWKHWKRXJKWRIEHLQJVHHQGULYLQJ
ZKDWWKH\FDOOHG´ WKHDQWHDWHUµDQGVRPHPHQOLWHUDOO\
SOHDGHGQRWWRKDYHWRGULYHRQHEHFDXVHRIWKHSHU
VRQDOHPEDUUDVVPHQWLWZRXOGPHDQ,IWKHFRPSDULVRQ
EHWZHHQZKDOLQJRUPLOOLQJDQGWUXFNLQJLVVLPSOLI\LQJ
WKHPDWWHU WKH ODUJHUSRLQW UHPDLQVEHLQJHIÀFLHQW
DWDWDVNFDQKDYHDWOHDVWIRUVRPH$PHULFDQVDQG
LQFHUWDLQFRQWH[WVHIIHPLQDWHRYHUWRQHV:KLOHWKH
´VLVV\WUXFNµUHDFWLRQLVQRWDVSHUYDVLYHLQDVLW
ZDVLQWKDWVHQWLPHQWVWLOOHFKRHVLQWKHSUHVHQW
FHQWXU\FRQVLGHUWKDW%RE:HEHUH[SODLQHGWKHHQGXU
LQJ QRQDHURG\QDPLF GHVLJQV E\ UHIHUULQJ WR VRPH
GULYHUVDV´SULGH	SROLVKKDUGFRUHLPDJHJX\Vµ
7KH0DFN&RPSDQ\·V´5DZKLGHµPRGHOZDVQDPHG
WRDSSHDOWRDSDUWLFXODUVHJPHQWRIWKHPDUNHWWKDW
ZDVRQHRQFHÀOOHGE\WUXFNVGHHPHG´ WRXJKORRNLQJ
EUDZQ\ KDLU\FKHVWHGµ7KH5DZKLGH·V IHDWXUHV
LQWHQWLRQDOO\PDGHQRFRQFHVVLRQVWRDHURG\QDPLFV
3ODLQO\WKHUHLVDVHJPHQWRIWKHPDUNHWSULQFLSDOO\
FRPSULVLQJRZQHURSHUDWRUVZKRZLOOLQJO\VDFULÀFH
LQFRPHIRUDSSHDUDQFHDQGWKDWVHJPHQWUHPDLQVODUJH
HQRXJK³HYHQLQWKHWZHQW\ÀUVWFHQWXU\³WKDWWUXFN
PDQXIDFWXUHUVÀQGLWHFRQRPLFDOO\YLDEOHWRFDWHUWR
LW,VWKHUHVRPHWKLQJPDQO\LQVTXDQGHULQJPRQH\"
&RQYHUVHO\LVLWHIIHPLQDWHWREHHIÀFLHQW"
2ULVLWDPDWWHURIWKHVXVSLFLRQZLWKZKLFK$PHUL
FDQVKDYHORQJKHOGFOHYHUPHQWDOZRUNDQGWKHZDUP
UHJDUGWKH\KDYHORQJKDGIRUWKHIUXLWVRIKDUGODERU
DQGWKHSK\VLFDOFKDOOHQJHVRIOLIH"$PHULFDQVKDYH
D FHQWXULHVROG DPELYDOHQFH ERUGHULQJ RQ RXWULJKW
GLVWUXVW IRU WKH LQWHOOHFWXDO DSSURDFK WR WKLQJV DV
5LFKDUG+RIVWDGWHUVRGHIWO\SRLQWHGRXW,QWKH
SUHVLGHQWLDOFDPSDLJQEHWZHHQ-RKQ4XLQF\$GDPV
DQG$QGUHZ-DFNVRQIRUH[DPSOHWKHIROORZLQJGLWW\
7KLVLVTXLWHOLNHO\DIXQFWLRQRIDPRUHÁXLGVRFLHW\LQWHUPVRIERWKZRUNDQGJHQGHUUROHVFRPSDUHGWRWKUHHFHQWXULHVHDUOLHUOHDYLQJLW
WRLQGLYLGXDOVUDWKHUWKDQWKHLUZRUNWRGHÀQHZKRWKH\DUH
6FKHQFN´1HZ)RFXVRQ$LU'UDJµ7KHGHVFULSWLRQUHIHUUHGWRER[\&2(VLQFRQWUDVWWRWKHUHODWLYHO\FXUY\*0$VWUR&2(
WKDWZDVLWVHOIQRWSDUWLFXODUO\DHURG\QDPLF
2QHRIWKHPRUHDFFHVVLEOHGLVFXVVLRQVRQWKHWRSLFRIZHDOWK\LQGLYLGXDOVFKRRVLQJWRVTXDQGHUZHDOWKZLWKVRFLDOREMHFWLYHVDVWKHLU
PRWLYDWLRQFDQEHIRXQGLQ7KRUVWHLQ9HEOHQҋV7KH7KHRU\RIWKH/HLVXUH&ODVV$Q(FRQRPLF6WXG\RI,QVWLWXWLRQVZLWKD)RUHZRUGE\
6WXDUW&KDVH1HZ<RUN7KH0RGHUQ/LEUDU\UHSULQW
(FRQRPLVWVVRPHWLPHVLQYRNHWKHWHUP´VLJQDOLQJµZKHQGLVFXVVLQJHIIRUWVE\RQHJURXSRUDQLQGLYLGXDOWRWUDQVPLWDSDUWLFXODUPHVVDJHWR
RWKHUVDOEHLWREOLTXHO\2QHRIWKHPRVWLGHQWLÀDEOHH[DPSOHVRIWKLVZDVWKH6SDFH5DFHRIWKHVLQZKLFKWKH6RYLHWVDQG$PHULFDQV
VRXJKWWRFRQYLQFHPXFKRIWKH6HFRQGDQG7KLUGZRUOGVRIWKHVXSHUSRZHUVҋUHVSHFWLYHVXSHULRUTXDOLWLHVLQWKHKRSHVRIHQWLFLQJ
XQGHFLGHGQDWLRQVWRDOLJQZLWKRQHRUWKHRWKHURQWKHJOREDOVWDJH,WZDVQҋWPHUHO\WKHH[WUDRUGLQDU\IHDWRIJRLQJLQWRVSDFHWKDWWKHWZR
QDWLRQVSXWXSIRUSHRSOHWRMXGJHEXWWKHVWDJJHULQJFRVWLQYROYHGZKLFKQRRWKHUQDWLRQFRXOGLQFXU³DQGHYHU\RQHNQHZLW$QHVVHQWLDO
HOHPHQWRIVLJQDOLQJWKHUHIRUHLVHFRQRPLFVDFULÀFH:K\",QDGGLWLRQWRVHSDUDWLQJSHRSOHRUJURXSVLQWRGLVFHUQDEOHFDWHJRULHV,FDQ
\RXFDQҋWWKHKHDY\FRVWPD\EHDOOWKDWGLVWLQJXLVKHVWKHJHQXLQHVLJQDOIURPDIDNH2ZQHURSHUDWRUVZKRFRQVFLRXVO\EX\DOHVVHIÀFLHQW
WUXFN³RQHWKDWLVYLVLEO\LQHIÀFLHQWLWLVLPSRUWDQWWRQRWH³DUHWKHPVHOYHVVLJQDOLQJVRPHWKLQJMXVWZKDWWKDWPLJKWEHLVWKHVXEMHFWRI
DQRWKHUVWXG\$ÀQHGLVFXVVLRQRIVLJQDOLQJFDQEHIRXQGLQ$OH[DQGHU0DF'RQDOG´7KH/RQJ6SDFH$JH(VVD\VRQWKH(FRQRPLF+LVWRU\
RI6SDFH([SORUDWLRQIURP*DOLOHRWR*DJDULQµ'3KLOGLVV%DOLRO&ROOHJH2[IRUG8QLYHUVLW\
5LFKDUG+RIVWDGWHU$QWL,QWHOOHFWXDOLVPLQ$PHULFDQ/LIH1HZ<RUN$OIUHG$.QRSIWKHGLWLRQUHSULQWZKLFKLURQLFDOO\
ZRQD3XOLW]HU3UL]H,Q7KH6HOI0DGH0DQ,Q$PHULFD7KH0\WKRI5DJVWR5LFKHV,UYLQJ:\OOLHQRWHVWKDWWKURXJKRXWWKHQLQHWHHQWK
FHQWXU\RUDWRUVDQGDXWKRUVVSRNHKLJKO\RIPHGLRFULW\DQGVHHPHGWRORRNDVNDQFHDWJHQLXV7KHODWWHUZDVGLVSDUDJHGIRUUHO\LQJRQ
LQQDWHDELOLW\WRDFKLHYHWKLQJVWKHIRUPHUODXGHGIRUSHUVHYHUDQFH2UDV5LFKDUG+XEHUSXWLW´$OOVXFFHVVZULWHUVRIWKHFKDUDFWHU
HWKLFEHOLHYHGLQWKHYDOXHRIVHOIHGXFDWLRQ7KHUHZDVFRQVLGHUDEO\OHVVXQDQLPLW\RQWKHYDOXHRIIRUPDOVFKRROLQJDQGHYHQOHVVRQ
WKHQHFHVVLW\RILWµ,UYLQJ*:\OOLH7KH6HOI0DGH0DQLQ$PHULFD7KH0\WKRI5DJVWR5LFKHV1HZ<RUN7KH)UHH3UHVV
,WGLGQRWKHOSGLVSHOWKHQRWLRQLQWKHORQJUXQWKDWDVWXG\GRQHE\3LWLULP6RURNLQLQFRQFOXGHGWKDWSHUFHQWRIWKH$PHULFDQ
PLOOLRQDLUHVZKRURVHIURP´KXPEOHµEHJLQQLQJVKDGQRPRUHWKDQDKLJKVFKRROHGXFDWLRQDQGWKDWSHUFHQWRIWKHVHKDGDJUDGH
VFKRROHGXFDWLRQDWEHVW7RWKHVHKHURHVDFODVVLFDOHGXFDWLRQZDVZRUWKOLWWOHDQGPDQ\RIWKHPUDLOHGDJDLQVWWKHZDVWHRIWLPH
WKDWVXFKHIIHWHOHDUQLQJHQWDLOHG2IFRXUVHFROOHJLDWHDQGXQLYHUVLW\HGXFDWLRQZDVQRWQHDUO\DVDFFHVVLEOHWKHQDVLWLVQRZ3LWLULP
6RURNLQ´$PHULFDQ0LOOLRQDLUHVµ-RXUQDORI6RFLDO)RUFHV5LFKDUG0+XEHU7KH$PHULFDQ,GHDRI6XFFHVV1HZ<RUN
0F*UDZ+LOO%RRN&RPSDQ\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ZDVTXLWHSRSXODU
-RKQ4XLQF\$GDPVZKRFDQZULWH
$QG$QGUHZ-DFNVRQZKRFDQÀJKW
-DFNVRQZRQWZRFRQVHFXWLYHWHUPV
$OWKRXJKHGXFDWLRQKDVWDNHQRQJUHDWHUHVWHHPLQ
$PHULFDQVRFLHW\VLQFHWKHQSRSXODUFXOWXUHUHPDLQV
DJRRGPHDVXUHRIZKDWFDUHHUSDWKVDUHYDOXHGPRVW
HYHQ WRGD\ VSRUWV ÀJXUHV DUH IDUPRUH SURPLQHQW
DV LFRQV WKDQ URFNHW HQJLQHHUV RU SXEOLF VHUYDQWV
,QGHHGFROOHJHGURSRXWVZKRWKHQVXFFHHGLQEXVL
QHVV WKRXJK LQÀQLWHVLPDOO\ VPDOO LQ QXPEHUZKHQ
FRPSDUHGZLWKWKHQXPEHURILQGLYLGXDOVDWZRUNLQ
WKH ODUJHU FRUSRUDWHZRUOG FRQWLQXH WR FDSWXUH WKH
SRSXODULPDJLQDWLRQLIIRUQRRWKHUUHDVRQWKDQEHFDXVH
RIZKDWWKH\DFFRPSOLVKGHVSLWHODFNLQJDFXVWRPDU\
HGXFDWLRQ1LQHWHHQWKFHQWXU\VWHDPVKLSDQGUDLOURDG
EDURQ&RUQHOLXV9DQGHUELOWZDVSURXGRIKDYLQJKDG
QRVFKRROLQJWRVSHDNRIDQGPDGHQRDSRORJLHVIRU
KLVXWWHUGLVGDLQIRUERRNV/DWHLQOLIH$QGUHZ&DUQ
HJLHHQGRZHGOLEUDULHVDURXQGWKHFRXQWU\EXWKHZDV
TXLWHSURXGRIKDYLQJPDGHKLVIRUWXQHDVD\RXQJPDQ
ZLWKRXWDQ\IRUPDOHGXFDWLRQUHO\LQJLQVWHDGRQKLV
KDQGVLQLWLDWLYHDQGZLWV´ GHDGODQJXDJHVµ&DUQHJLH
FDOOHGFODVVLFDOHGXFDWLRQ0RUHUHFHQWO\0LFURVRIW·V
%LOO*DWHVDFKLHYHGEXVLQHVVDQGÀQDQFLDOVXFFHVVGH
VSLWHEHLQJDFROOHJHGURSRXWDVGLGIHOORZFRPSXWHU
PRJXO6WHYH-REVRI$SSOHZKRDEDQGRQHGFROOHJH
DIWHURQHVHPHVWHUERWKDSSDUHQWO\GHPRQVWUDWHGWKH
WULXPSKRIFRPPRQVHQVHRYHUVRXQGHGXFDWLRQ
+RZWKHQWRH[SODLQWKHLQLWLDOUHDFWLRQDPRQJGULY
HUVWRWKH)5&·VKLJKO\IDLUHGWUXFNRUWKH7WKDW
GULYHUVGXEEHGWKH´ DQWHDWHUµ"$QGKRZWRH[SODLQWKH
SHUVLVWHQFHRIQHZQRQDHURG\QDPLFWUDFWRUVZKRVH
SRSXODULW\LVVXIÀFLHQWWRZDUUDQWFRQWLQXHGPDQXIDF
WXUHUV·LQYHVWPHQW",QWKLVYHLQZKDWVKRXOGZHPDNH
RIFKRLFHVDERXWJHQGHUHGDUWLIDFWVDQGWHFKQRORJLHV
LQLQVWDQFHVZKHUHWKHUHLVDFOHDUSHQDOW\IRUFKRRV
LQJWKHOHVVHIÀFLHQWRUOHVVSRSXODURSWLRQ"'HVSLWH
WKHFRQWH[WLQZKLFKLWLVSRVHGWKLVLVQRWDTXHVWLRQ
ZLWKRQO\QHJDWLYHDQVZHUV,VSULGHLQZRUNZURQJ
HYHQLILWFRVWVPRUH"6KRXOGHIÀFLHQF\E\ZKDWHYHU
GHÀQLWLRQEHWKHRQO\PHDVXUHE\ZKLFKZHGHWHUPLQH
YDOXHRUZRUWK"
$QGZKDWVKRXOGZHPDNHRIFKRLFHVDERXWJHQGHUHG
FDUHHUV"7KLV LV QRW DQ DEVWUDFW TXHVWLRQ HLWKHU IRU
HQJLQHHULQJLQJHQHUDORUIRU1$6$LQSDUWLFXODUWKH
HQJLQHHULQJSURIHVVLRQKDVEHHQDQGFRQWLQXHVWREH
GRPLQDWHGQXPHULFDOO\ DQG LQYLUWXDOO\ HYHU\RWKHU
ZD\E\PHQORQJDIWHUWKHGLVSDULW\ZDVUHFRJQL]HG
DQGVFKRROVPDGHHIIRUWV WRDGGUHVV LW7KH)HGHUDO
%XUHDXRI/DERU6WDWLVWLFVIRXQGLQWKDWIRUHYHU\
IHPDOH LQ WKHÀHOGVRIHQJLQHHULQJDQGDUFKLWHFWXUH
WKHUHZHUHPDOHV7KDWUDWLRDWZDVQRW
PDWHULDOO\ GLIIHUHQW IURP WKH UDWH LQ $QG\HW
VRPHZRPHQFRQWLQXHWRFKRRVHHQJLQHHULQJDVDSUR
IHVVLRQLQVSLWHRIZKDWPD\EHD6LV\SKHDQVWUXJJOH
7KHFKDQJHLQWKHVKDSHRIORQJKDXOWUXFNVZURXJKW
LQQRVPDOOSDUWE\1$6$HQJLQHHUVKDVEHHQH[WUDRU
GLQDU\&KLIIUHSKLOHVFRXOGOLNHO\FDOFXODWHKRZPDQ\
JDOORQVRIIXHOKDYHEHHQVDYHGE\WKHDHURG\QDPLF
FKDQJHVDGRSWHGVLQFH:KDWHYHUWKHUHFNRQLQJ
LWZRXOGEHLPSUHVVLYH-XVWDVLQWHUHVWLQJKRZHYHU
DUHWKHPHDQLQJVZLWKZKLFK$PHULFDQVLQYHVWWKHLU
WHFKQRORJ\ EHFDXVH WKHVH KDYH D GLUHFW LPSDFW RQ
ZKDW$PHULFDQVFUHDWHJUDQWDFFHVVWRHPEUDFHRU
GHQLJUDWHRUHYHQFKRRVHWRXVH
7KLVVRUWRIWKLQJGLGQҋWVWDUWZLWK-DFNVRQ$VHDUO\DVWKHHOHFWLRQRI:LOOLDP/DXJKWRQ6PLWKSRUWUD\HG7KRPDV-HIIHUVRQDV
DSKLORVRSKHULQDQHUDWKDWQHHGHGDPDQRIDFWLRQVXJJHVWLQJWKDW-HIIHUVRQZDVQRWWKHULJKWVRUWRISHUVRQIRUWKHMRERISUHVLGHQW
SKLORVRSKHUVZHUHDSWWRDFWRQSULQFLSOHDQGEHHQWLUHO\WRRLQFOLQHGWRUHDVRQ:KDWZDVQHHGHGZURWH6PLWKZDVDPDQZKR
XQGHUVWRRGDFWLRQWKHPDWHULDOZRUOGDQGWKHGHPDQGVRIOLYLQJUDWKHUWKDQPRUDOL]LQJDQGWKLQNLQJ:LOOLDP/DXJKWRQ6PLWK7KH
3UHWHQVLRQVRI7KRPDV-HIIHUVRQWRWKH3UHVLGHQF\([DPLQHGQSLQ+RIVWDGWHU$QWLLQWHOOHFWXDOLVPLQ$PHULFDQ/LIH
/DERU)RUFH6WDWLVWLFVIURPWKH&XUUHQW3RSXODWLRQ6XUYH\%XUHDXRI/DERU6WDWLVWLFVKWWSZZZEOVJRYFSVWDEOHVKWPDFFHVVHG
$XJXVW
$QJXV0DGGLVRQPD\QRWKDYHFRLQHGWKHWHUPFKLIIUHSKLOHEXWKHKDSSLO\FRQVLGHUHGKLPVHOIRQHDORYHURIQXPEHUVQRWVLPSO\
IRUQXPEHUVҋVDNHEXWWRPDNHVHQVHRIWKLQJV&KLIIUHSKLOHVJRZHOOEH\RQGWKHW\SLFDOHFRQRPLFWKHRULVW0DGGLVRQҋVÀQDOLQWHOOHFWXDO
DGYHQWXUHZDVWRFDOFXODWHWKHZRUOGҋVHFRQRPLFRXWSXWLQWKH\HDU$'ZKLFKKHÀJXUHGWRKDYHEHHQELOOLRQLQGROODUV
´0DGGLVRQ&RXQWLQJ$/RQJ3DVVLRQDWH$IIDLUZLWK1XPEHUV+DV)LQDOO\&RPHWR$Q(QGµ7KH(FRQRPLVW$SULOKWWSZZZ
HFRQRPLVWFRPUHVHDUFKDUWLFOHV%\6XEMHFWGLVSOD\VWRU\FIP"VXEMHFWLG 	VWRU\BLG DFFHVVHG-XQH
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Appendix B
8QLWHG6WDWHV3DWHQW
$XJXVW
/RZGUDJJURXQGYHKLFOHSDUWLFXODUO\VXLWHGIRUXVHLQVDIHO\WUDQVSRUWLQJOLYHVWRFN
$EVWUDFW
$ORZGUDJWUXFNFRQVLVWLQJRIDWUDFWRUWUDLOHUULJFKDUDFWHUL]HGE\DURXQGHGIRUHERG\DQGDSURWHFWLYH
IDLULQJIRUWKHJDSFRQYHQWLRQDOO\IRXQGWRH[LVWEHWZHHQWKHWUDFWRUDQGWKHWUDLOHUSDUWLFXODUO\VXLWHG
IRUHVWDEOLVKLQJDQDWWDFKHGÁRZRIDPELHQWDLUDORQJWKHVXUIDFHVWKHUHRIDQGDIRUZDUGIDFLQJUDPDLULQOHW
DQGGXFWDQGDQGDSOXUDOLW\RIVXEPHUJHGLQOHWVDQGRXWÁRZSRUWVFRPPXQLFDWLQJZLWKWKH
WUDLOHUIRUFRQWLQXRXVO\ÁXVKLQJKHDWHGJDVVHVIURPWKHWUDLOHUDVWKHULJLVSURSHOOHGDWKLJKZD\VSHHGV
,QYHQWRUV 6DOW]PDQ(GZLQ-1RUWK(GZDUGV&$
$VVLJQHH 7KH8QLWHG6WDWHVRI$PHULFDDVUHSUHVHQWHGE\WKH$GPLQLVWUDWRURIWKH:DVKLQJWRQ'&
$SSO1R 
)LOHG $XJXVW
&XUUHQW86&ODVV %
&XUUHQW,QWHUQDWLRQDO&ODVV %'%'
)LHOGRI6HDUFK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5HIHUHQFHV&LWHG>5HIHUHQFHG%\@
863DWHQW'RFXPHQWV
 
 6HSWHPEHU0F*DQ
 0D\ +RIIPDQ
 0DUFK .HHG\
 $SULO 0RKQ
 $SULO :RROFRFN
3ULPDU\([DPLQHU3HWHUV-U-RVHSK)
$VVLVWDQW([DPLQHU&DUUROO-RKQ$
$WWRUQH\$JHQWRU)LUP%UHNNH'DUUHOO*0DQQLQJ-RKQ5
*RYHUQPHQW,QWHUHVWV
25,*,12)7+(,19(17,21
7KHLQYHQWLRQGHVFULEHGKHUHLQZDVPDGHLQWKHSHUIRUPDQFHRIZRUNE\DQHPSOR\HHRIWKH8QLWHG6WDWHV
*RYHUQPHQWDQGPD\EHPDQXIDFWXUHGDQGXVHGE\RUIRUWKH*RYHUQPHQWIRU*RYHUQPHQWDOSXUSRVHVZLWK
RXWWKHSD\PHQWRIDQ\UR\DOWLHVWKHUHRQRUWKHUHIRUH
&ODLPV
:KDWLVFODLPHGLV
,QFRPELQDWLRQZLWKDORZGUDJJURXQGYHKLFOHLQFOXGLQJDVWUHDPOLQHGIRUHERG\DQGDQHORQJDWHGVXE
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VWDQWLDOO\FORVHGFDUJRER[VDLGIRUHERG\EHLQJVXLWDEO\VKDSHGIRUHVWDEOLVKLQJDQDWWDFKHGÁRZRIDPELHQW
DLUDORQJWKHVXUIDFHRIWKHXSSHUDQGVLGHZDOOVRIWKHER[DVWKHYHKLFOHLVSURSHOOHGDWKLJKZD\VSHHGVWKH
LPSURYHPHQWFRPSULVLQJ
0HDQVIRUFRQWLQXRXVO\ÁXVKLQJJDVHVIURPWKHER[DVWKHYHKLFOHLVSURSHOOHGDWKLJKZD\VSHHGVLQFOXGLQJ
DUDPDLULQOHWV\VWHPZLWKDQLQWDNHÁXVKO\GLVSRVHGRQVDLGIRUHERG\DQGDSOXUDOLW\RIVXEPHUJHGLQOHWV
GHÀQHGLQWKHZDOOVRIWKHER[IRULQJHVWLQJSRUWLRQVRIWKHDWWDFKHGÁRZDQGGHOLYHULQJWKHLQJHVWHGSRUWLRQV
RIWKHÁRZWRWKHLQWHULRURIWKHER[DQGDSOXUDOLW\RIÁRZGLVFKDUJHSRUWVGHÀQHGLQWKHZDOOVRIWKHER[DIW
RIWKHSOXUDOLW\RIVXEPHUJHGLQOHWVIRUGLVFKDUJLQJJDVHVIURPWKHLQWHULRURIWKHER[WRWKHDWWDFKHGÁRZ
$QLPSURYHPHQWDVGHÀQHGLQFODLPZKHUHLQWKHSUHVVXUHZLWKLQWKHLQWHULRURIVDLGER[LVFRQWLQXRXVO\
PDLQWDLQHGDWDYDOXHJUHDWHUWKDQRQHDWPRVSKHUHDVWKHYHKLFOHLVSURSHOOHGDWKLJKZD\VSHHGV
$QLPSURYHPHQWDVGHÀQHGLQFODLPRUZKHUHLQVDLGJURXQGYHKLFOHFRPSULVHVDWUDFWRUDQGDWUDLOHU
KDYLQJDJDSGHÀQHGWKHUHEHWZHHQDQGDQDUWLFXODWHGDLUVKLHOGSURMHFWHGUHDUZDUGO\RYHUWKHWUDFWRUHQ
FORVLQJVDLGJDSVDLGLQOHWVDUHGHÀQHGERWKLQVDLGVKLHOGDQGLQWKHIRUHVHFWLRQRIWKHWUDLOHUDQGVDLGÁRZ
GLVFKDUJHSRUWVDUHGHÀQHGLQWKHPLGDQGDIWVHFWLRQVRIVDLGER[
$QLPSURYHPHQWDVGHÀQHGLQFODLPZKHUHLQVDLGUDPDLULQOHWV\VWHPKDVDQLQWDNHRSHQLQJGLVSRVHG
DERYHVDLGWUDFWRUDQGDGXFWZLWKGLVFKDUJHRSHQLQJFRPPXQLFDWLQJZLWKWKHIRUZDUGIDFHRIVDLGER[
,QFRPELQDWLRQZLWKDORZGUDJJURXQGYHKLFOHFKDUDFWHUL]HGE\DWUDLOHULQFOXGLQJDFORVHGHORQJDWHGÁDW
VLGHGFDUJRER[DWUDFWRUZLWKURXQGHGVLGHIRUHERG\HGJHVFRQQHFWHGWRVDLGWUDLOHULQVSDFHGUHODWLRQWKHUH
ZLWKDQGDQDUWLFXODWHGIDLULQJIRUPLQJDURXQGHGDLUVKLHOGSURMHFWHGUHDUZDUGO\RYHUWKHWUDFWRUSURWHFWLYHO\
HQFORVLQJWKHVSDFHGHÀQHGEHWZHHQWKHWUDFWRUDQGWKHWUDLOHUVDLGDLUVKLHOGDQGVDLGIRUHERG\HGJHVEHLQJ
RIDVWUHDPOLQHGFRQÀJXUDWLRQIRUHVWDEOLVKLQJDQDWWDFKHGÁRZRIDPELHQWDLUDORQJWKHVXUIDFHVRIWKHER[DV
WKHYHKLFOHLVFDXVHGWRSURJUHVVDWKLJKZD\VSHHGVPHDQVIRUFRQWLQXRXVO\ÁXVKLQJWKHDWPRVSKHUHIURPWKH
LQWHULRURIVDLGFDUJRER[FRPSULVLQJ
$UDPDLUGXFWFRPPXQLFDWLQJZLWKWKHIRUZDUGIDFHRIWKHER[DQGKDYLQJDQLQWDNHRSHQLQJÁXVKO\GLVSRVHG
LQVDLGIDLULQJDERYHWKHWUDFWRUDSOXUDOLW\RIPXWXDOO\VSDFHGVXEPHUJHGLQOHWVGHÀQHGLQWKHIRUHERG\RIWKH
ER[LQFRPPXQLFDWLQJUHODWLRQZLWKWKHLQWHULRUWKHUHRIIRULQJHVWLQJSRUWLRQVRIDQDWWDFKHGÁRZDQGGHOLYHU
LQJVDLGSRUWLRQVRIWKHÁRZWRWKHLQWHULRURIWKHER[DVWKHYHKLFOHLVRSHUDWHGDWKLJKZD\VSHHGVZKHUHE\
DQLQFUHDVHGSUHVVXUHFRQGLWLRQLVHVWDEOLVKHGZLWKLQWKHER[DQGDSOXUDOLW\RIRXWÁRZSRUWVIRUGLVFKDUJ
LQJJDVHVIURPWKHLQWHULRURIVDLGER[WRWKHDWWDFKHGÁRZRIDPELHQWDLUDWDUDWHVXIÀFLHQWWRPDLQWDLQWKH
LQFUHDVHGSUHVVXUHFRQGLWLRQHVWDEOLVKHGZLWKLQWKHER[
$FRPELQDWLRQDVGHÀQHGLQFODLPIXUWKHUFRPSULVLQJVXEPHUJHGLQOHWVGHÀQHGLQWKHIDLULQJDQGFRQ
QHFWHGLQFRPPXQLFDWLQJUHODWLRQZLWKWKHVSDFHGHÀQHGLQWKHWUDFWRUDQGWUDLOHUIRUFRQWLQXRXVO\FLUFXODWLQJ
LQJHVWHGSRUWLRQVDVWKH\ÁRZWKURXJKWKHVSDFH
$FRPELQDWLRQDVGHÀQHGLQFODLPZKHUHLQHDFKRIVDLGVXEPHUJHGLQOHWVFRPSULVHVD1$&$VXEPHUJHG
LQOHWFKDUDFWHUL]HGE\GLYHUJHQWUDPSZDOOVDQGVKDUSHGJHV

'HVFULSWLRQ
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)LHOGRIWKH,QYHQWLRQ
7KHLQYHQWLRQJHQHUDOO\UHODWHVWRWKH/'7/RZ'UDJ7UXFNLQGXVWU\DQGPRUHSDUWLFXODUO\WRDQLPSURYHG
ORZGUDJWUDFWRUWUDLOHUULJRUWRDQRQDUWLFXODWLQJVWUDLJKWWUXFNFKDUDFWHUL]HGE\DURXQGHGIRUHERG\DQG
DSURWHFWLYHIDLULQJIRUWKHJDSEHWZHHQWKHWUDFWRUDQGWKHWUDLOHULQWKHFDVHRIWKHIRUPHUIRUHVWDEOLVKLQJ
DQDWWDFKHGÁRZRIDPELHQWDLUH[WHQGHGDORQJVXUIDFHVRIWKHWUDLOHUDQGDIRUZDUGIDFLQJUDPDLULQOHWDQG
VXEPHUJHGLQOHWVIRUFRQWLQXRXVO\ÁXVKLQJKHDWHGJDVVHVIURPWKHWUDLOHUDVWKHULJLVSURSHOOHGDWKLJKZD\
VSHHGV
'HVFULSWLRQRIWKH3ULRU$UW
7KHXVHRIWUDFWRUWUDLOHUULJVRUFRPELQDWLRQVKDYLQJURXQGHGIRUHERGLHVDQGIDLULQJVIRUPLQJSURWHFWLYH
VKLHOGVEHWZHHQWKHFDEVDQGWKHWUDLOHUVWKHUHRILQRUGHUWRIDFLOLWDWHWKHDWWDFKPHQWWKHUHWRRIDQDLUÁRZIRU
SXUSRVHVRIUHGXFLQJDHURG\QDPLFGUDJDQGFRQVHTXHQWO\IXHOFRQVXPSWLRQJHQHUDOO\LVZHOONQRZQ)RU
H[DPSOHQRWHWKHSDWHQWWR6HUYDLVHWDO863DW1RZKLFKLOOXVWUDWHVDWUDFWRUWUDLOHUULJXWLOL]LQJ
DQ/'7W\SHIRUHERG\
$GGLWLRQDOO\WKHXVHRIYHQWVIRUÁXVKLQJWKHDWPRVSKHUHRIVXFKWUDLOHUVDOVRLVZHOONQRZQ)RUH[DPSOHVHH
WKHSDWHQWWR6WRQH863DW1RZKLFKGLVFORVHVDWUDLOHUKDYLQJDSOXUDOLW\RIYHQWLOODWLRQRSHQLQJV
IRUPHGWKURXJKWKHZDOOSDQHOVQHDUWKHORZHUHQGVWKHUHRI
1RWZLWKVWDQGLQJWKHIDFWWKDWWKHXVHRI/'7YHKLFOHVJHQHUDOO\LVZHOONQRZQXQLTXHSUREOHPVDULVHSDUWLF
XODUO\LQWKHOLYHVWRFNLQGXVWU\ZKHQDXVHRIVXFKYHKLFOHVLVFRQWHPSODWHG2QHRIWKHSUREOHPVRISDUWLFX
ODUVLJQLÀFDQFHLVWKDWRIWKHLQWHQVHEXLOGXSRIKHDWZKLFKFDQEHH[SHFWHGZLWKLQWKHHQFORVXUHRUIDLULQJ
SURYLGHGIRUWKHJDSEHWZHHQWKHFDEDQGWUDLOHU7KLVEXLOGXSRIKHDWWHQGVWRFUHDWHDFRQGLWLRQQRUPDOO\
WUDJLFIRUOLYHVWRFNULGLQJQHDUWKHIURQWRIWKHWUDLOHU
0RUHRYHUEHFDXVHRIWKHQDWXUHRIWKHFDUJRWUDQVSRUWHGE\OLYHVWRFNKDXOHUVWR[LFIXPHVDQGJDVVHVDFFX
PXODWHLQVWDJQDQWSRFNHWVZLWKLQWKHFDUJRER[OHDGLQJWRGLVFRPIRUWDQGHYHQSK\VLFDOGDPDJHWRWKHFDUJR
6XFKDUHVXOWLVREWDLQHGHYHQZKHQHPSOR\LQJW\SLFDOOLYHVWRFNKDXOHUVKDYLQJYHQWLODWLRQSRUWVDQGWKHOLNH
GHÀQHGLQWKHZDOOVRIWKHFDUJRER[
,WLVSHUKDSVDSSURSULDWHWRQRWHWKHFRPELQDWLRQRIRYHUKHDWJHQHUDWLRQRIWR[LFJDVVHVZLWKLQWKHFDUJRER[
DVZHOODVWKHXQHYHQYHQWLOODWLRQLQYROYHGRIWHQUHVXOWVLQFRQVHTXHQFHVPRUHGUDVWLFWKDQVLPSO\WKHFRP
IRUWRIOLYHVWRFNWKRXJKWKHFRPIRUWIDFWRULVLQLWVHOILPSRUWDQW'XULQJD\HDUZKHQOLYHVWRFNORVVHVDVVRFL
DWHGZLWKVKLSSLQJIHYHUZHUHWDEXODWHGWKHWRWDOORVVHVZHUHRQWKHRUGHURIPLOOLRQGROODUV6XFK
ORVVHVDUHLQGHHGLPSRUWDQWWRERWKSURGXFHUVDQGFRQVXPHUV
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,WLVWKHUHIRUHWKHJHQHUDOSXUSRVHRIWKHLQVWDQWLQYHQWLRQWRSURYLGHDQLPSURYHG/'7RUORZGUDJJURXQG
YHKLFOHHLWKHURIWKHQRQDUWLFXODWLQJW\SHRUDQDUWLFXODWLQJWUDFWRUWUDLOHUULJSDUWLFXODUO\VXLWHGIRUXVHLQ
WUDQVSRUWLQJOLYHVWRFNDQGRWKHUFDUJRUHTXLULQJFRQWLQXRXVWHPSHUDWXUHDQGDWPRVSKHUHFRQWURO
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,WLVDQREMHFWRIWKHLQVWDQWLQYHQWLRQWRSURYLGHDQLPSURYHGORZGUDJJURXQGYHKLFOHHLWKHURIWKHQRQDUWLF
XODWLQJW\SHRUWKHDUWLFXODWLQJW\SH
,WLVDQRWKHUREMHFWWRSURYLGHLQFRPELQDWLRQZLWKDQ/'7PHDQVIRUFRQWLQXRXVO\FRQWUROOLQJWHPSHUDWXUH
DQGÁXVKLQJWR[LFDWPRVSKHUHIURPWKHLQWHULRURIWKHFDUJRER[RUWUDLOHUWKHUHRI
,WLVDQRWKHUREMHFWWRSURYLGHLQFRPELQDWLRQZLWKDORZGUDJWUDFWRUWUDLOHUULJDIRUZDUGIDFLQJUDPDLULQOHW
DQGDSOXUDOLW\RIVXEPHUJHGLQOHWVSDUWLFXODUO\DGDSWHGIRULQJHVWLQJSRUWLRQVRIDQDWWDFKHGÁRZRIDLUDQG
LQWURGXFLQJWKHLQJHVWHGSRUWLRQVRIWKHÁRZLQWRWKHWUDLOHUIRUWKHUHE\FRQWLQXRXVO\ÁXVKLQJWKHDWPRVSKHUH
WKHUHIURPZLWKRXWVLJQLÀFDQWO\HQKDQFLQJYHKLFOHGUDJ
7KHVHDQGRWKHUREMHFWVDQGDGYDQWDJHVDUHDFKLHYHGWKURXJKWKHXVHRIDIRUZDUGIDFLQJUDPDLULQOHWDQGD
SOXUDOLW\RIVXEPHUJHGLQOHWVLQWHUFRQQHFWHGLQFRPELQDWLRQZLWKWKHIDLULQJDQGWUDLOHURIDORZGUDJWUDFWRU
WUDLOHUFRPELQDWLRQRUULJZKHUHE\WKHWUDLOHULVFRQWLQXRXVO\SUHVVXUL]HGWKURXJKDQLQJHVWLRQRISRUWLRQVRI
DQDWWDFKHGÁRZRIDLUHVWDEOLVKHGDVWKHYHKLFOHLVSURSHOOHGDWKLJKZD\VSHHGVDVZLOOEHFRPHPRUHUHDGLO\
DSSDUHQWE\UHIHUHQFHWRWKHIROORZLQJGHVFULSWLRQDQGFODLPVLQOLJKWRIWKHDFFRPSDQ\LQJGUDZLQJV
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),*LVDSHUVSHFWLYHYLHZRIDQ/'7/RZ'UDJ7UXFNHPERG\LQJWKHSULQFLSOHVRIWKHLQVWDQWLQYHQWLRQ
),*LVDWRSSODQYLHZRIDFRQYHQWLRQDOEDVHOLQHFDERYHUYHKLFOHLQFOXGLQJDUURZVGLDJUDPPDWLFDOO\LO
OXVWUDWLQJWKHDHURG\QDPLFWXUEXOHQFHDVVRFLDWHGZLWKWKHH[WHULRUVXUIDFHVDQGWKHVWDJQDWLRQRIDWPRVSKHUH
ZLWKLQWKHFDUJRER[WKHUHRI
),*LVDWRSSODQYLHZRIDQRSHUDWLQJ/'7LQFOXGLQJDUURZVGLDJUDPPDWLFDOO\LOOXVWUDWLQJDQDWWDFKHGDLU
ÁRZHVWDEOLVKHGDORQJWKHH[WHULRUVXUIDFHVDQGWKHÁXVKLQJHIIHFWVDFKLHYHGHPSOR\LQJWKHIRUZDUGIDF
LQJUDPDLULQOHWDQGWKHVHYHUDOVXEPHUJHGLQOHWVLQWKHPDQQHUFRQVLVWHQWZLWKWKHSULQFLSOHVRIWKHLQVWDQW
LQYHQWLRQ
),*LVDUHDUHOHYDWLRQDOYLHZRIWKH/'7VKRZQLQ),*
),*LVDVLGHHOHYDWLRQDOYLHZRIWKH/'7VKRZQLQ),*GLDJUDPPDWLFDOO\GHSLFWLQJLQJHVWLRQRISRU
WLRQVRIWKHDWWDFKHGDLUÁRZ

),*LVDIUDJPHQWHGFURVVVHFWLRQDOYLHZRIDVXEPHUJHGLQOHWFRPSULVLQJDVRFDOOHG1$&$VXEPHUJHG
LQOHWGHSLFWLQJYRUWH[HVJHQHUDWHGE\VKDUSHGJHVSURYLGHGIRUHQKDQFLQJWKHPDVVÁRZUDWLRRIDLULQJHVWHG
E\WKHGXFW
'(6&5,37,212)7+(35()(55('(0%2',0(17
5HIHUULQJQRZWRWKHGUDZLQJVZLWKPRUHSDUWLFXODULW\ZKHUHLQOLNHUHIHUHQFHFKDUDFWHUVGHVLJQDWHOLNHRU
FRUUHVSRQGLQJSDUWVWKURXJKRXWWKHVHYHUDOYLHZVWKHUHLVVKRZQLQ),*DORZGUDJJURXQGYHKLFOHJHQHU
DOO\GHVLJQDWHGFRQIRUPLQJLQLWVFRQÀJXUDWLRQWRWKDWRIDZHOONQRZQ/RZ'UDJ7UXFNKHUHLQUHIHUUHGWR
VLPSO\DVDQ/'7
,WLVKHUHREVHUYHGWKDWDVLOOXVWUDWHGLQ),*ZKHUHDULJVXFKDVWKHFRQYHQWLRQDOEDVHOLQHFDERYHUWUXFN
LVSURSHOOHGDWKLJKZD\VSHHGVH[FHVVLYHYRUWH[LQJDQGWXUEXOHQFHRFFXUVLQWKHUHVXOWDQWDLUVWUHDP7KH
RSHUDWLRQRIVXFKYHKLFOHVLVWKHUHIRUHQHFHVVDULO\DWWHQGHGE\H[FHVVLYHYHKLFOHGUDJDQDWWDFKPHQWRIVWDJ
QDQWSRROVRI´KLJKZD\JDVVHVµLQFOXGLQJWR[LFIXPHVDQGJHQHUDOO\SRRUYHKLFOHYHQWLODWLRQ
$VVKRZQLQ),*6DQGWKHYHKLFOHFRPSULVHVDQ/'7LQFOXGLQJDWUDFWRUDWUDLOHUDQGDQDU
WLFXODWHGIDLULQJSURMHFWHGUHDUZDUGO\RYHUWKHFDEWRWKHWUDLOHULQSURWHFWLYHUHODWLRQZLWKWKHUHVXOWDQWJDS
QRUPDOO\IRXQGWRH[LVWEHWZHHQWKHFDEDQGWKHWUDLOHU6LQFHWKHSXUSRVHRIDQGIXQFWLRQRIDQ/'7JHQHU
DOO\DUHZHOONQRZQDGHWDLOHGGHVFULSWLRQRIWKHYHKLFOHLVGHHPHGXQQHFHVVDU\WRSURYLGHIRUDFRPSOHWH
XQGHUVWDQGLQJRIWKHLQYHQWLRQ7KHUHIRUHLWLVEHOLHYHGVXIÀFLHQWWRDSSUHFLDWHWKHIDFWWKDWDVLOOXVWUDWHGLQ
),*WKHYHKLFOHLVSURYLGHGZLWKDURXQGHGIRUHERG\ZKLFKLQFRRSHUDWLRQZLWKWKHIDLULQJVHUYHV
WRHVWDEOLVKDQDLUVWUHDPDERXWWKHH[WHULRURIWKHYHKLFOHZKLFKFRPSULVHVDÁRZDHURG\QDPLFDOO\DWWDFKHGWR
WKHVXUIDFHVRIWKHYHKLFOHDVWKHYHKLFOHLVSURSHOOHGDWKLJKZD\VSHHGV
,WLVSDUWLFXODUO\LPSRUWDQWWRQRWHWKDWWKHYHKLFOHLQFOXGHVDUDPDLULQOHWDQGDSOXUDOLW\RIVXEPHUJHG
LQOHWVWKHSXUSRVHRIZKLFKLVWRLQJHVWSRUWLRQVRIWKHLPSLQJLQJDQGDWWDFKHGDLUÁRZDQGLQWURGXFHWKH
LQJHVWHGSRUWLRQVRIWKHDLUÁRZLQWRWKHLQWHULRURIWKHIRUHVHFWLRQRIWKHWUDLOHUZKLOHRXWÁRZSRUWV
DUHSURYLGHGDWWKHPLGDQGUHDUVHFWLRQVRIWKHWUDLOHUIRUDFFRPPRGDWLQJDGLVFKDUJHRIJDVVHVIURPWKH
WUDLOHU7KXVDFRQWLQXRXVÁXVKLQJRIWKHDWPRVSKHUHIURPWKHWUDLOHULVDFKLHYHGLQUHVSRQVHWRWKHYHKLFOH
EHLQJRSHUDWHGDWKLJKZD\VSHHGV
,WLVEHOLHYHGLPSRUWDQWWRQRWHWKDWWKHWHUP´VXEPHUJHGLQOHWVµDVKHUHLQHPSOR\HGUHIHUVWRLQOHWVZKLFKDUH
RIDGHVLJQIUHTXHQWO\UHIHUUHGWRDV1$&$VXEPHUJHGLQOHWVLQDVPXFKDVWKHVHLQOHWVRUGXFWVZHUHGHYHO
RSHGE\WKH1DWLRQDO$GYLVRU\&RPPLWWHHIRU$HURQDXWLFVLQRUGHUWRDFKLHYHHIÀFLHQWLQJHVWLRQRIDLUIURP
WKHVXUIDFHRIWKHIXVHODJHRIDLUFUDIWIRUGHOLYHU\WRHQJLQHVHTXLSPHQWFRPSRQHQWVDQGWKHOLNH
(YHQWKRXJKWKHGHWDLOVRIUDPDLULQOHWVDQGWKHVXEPHUJHGLQOHWVDUHZHOONQRZQDQGIRUPQRSDUWRIWKH
FODLPHGLQYHQWLRQLWVKRXOGEHQRWHGWKDWDXVHRIWKHVHLQOHWVLVGHHPHGFULWLFDOWRDVDWLVIDFWRU\RSHUDWLRQRI
WKHLQYHQWLRQDVKHUHLQGHVFULEHG7KLVUHVXOWVIURPWKHIDFWWKDWWKHVHLQOHWVFRPSULVHGXFWVZKLFKDUHVRGH
VLJQHGDVWRREWDLQRSWLPXPGHOLYHU\RIDLUZLWKDPLQLPDOGUDJSHQDOW\EHLQJLPSRVHG$1$&$VXEPHUJHG
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LQOHWLVDVLOOXVWUDWHGLQ),*SURYLGHGZLWKDUDPSDQGDSDLURIFXUYHGGLYHUJHQWZDOOVZKLFKLQWHUVHFWWKH
VXUIDFHWRIRUPVKDUSHGJHV7KHVKDUSHGJHVGHÀQHGE\WKHZDOOVDQGWKHVXUIDFHSURGXFHYRUWH[HVZKLFKLQ
FRPELQDWLRQZLWKWKHGLYHUJHQFHWKHUHRIUHHQHUJL]HDQGWKLQDERXQGDU\OD\HUDVLWGHYHORSVDORQJWKHUDPS
ZKHUHE\WKHERXQGDU\OD\HULVFRQWUROOHGDQGWKHHIÀFLHQF\RIWKHLQOHWLVHQKDQFHG7KHUHIRUHLWLVSDUWLFX
ODUO\LPSRUWDQWWRDSSUHFLDWHWKDWWKHVXEPHUJHGLQOHWVKDYHDXQLTXHFDSDELOLW\RILQJHVWLQJRSWLPXP
TXDQWLWLHVRIDLUIURPDQDWWDFKHGÁRZDOOZLWKRXWLPSDLULQJWKHFKDUDFWHULVWLFVRIWKHÁRZDVLWSDVVHVRYHU
WKHH[WHULRUVXUIDFHVRIWKH/'7RUYHKLFOH
$VIXUWKHULOOXVWUDWHGLQ),*LQJHVWHGSRUWLRQVRIWKHDLUÁRZDUHLQWURGXFHGLQWKHIRUZDUGSRUWLRQVRI
WKHWUDLOHUZKLOHWKHJHQHUDOO\WR[LFDWPRVSKHUHLQFOXGLQJJDVVHVJHQHUDWHGZLWKLQWKHWUDLOHUDUHVZHSW
E\WKHVHSRUWLRQVRIWKHÁRZDQGDUHGLVFKDUJHGIURPWKHWUDLOHUDWWKHPLGDQGUHDUSRUWLRQVWKHUHRIZLWKD
UHVXOWDQWPLQLPDODWWHQGDQWVWDJQDWLRQRUSRROLQJRIWKHDWPRVSKHUHZLWKLQWKHWUDLOHU
$VDSUDFWLFDOPDWWHUZKLOHWKHQXPEHUVKDSHDQGGLVWULEXWLRQRIWKHRXWÁRZSRUWVPD\EHHVWDEOLVKHG
HPSLUDFDOO\DQGDUHYDULHGLQSURSRUWLRQWRWKHPDVVÁRZUDWHRIDLUWREHLQJHVWHGWKHQXPEHUDQGGLVWULEX
WLRQRIWKHLQOHWVDQGRXWÁRZSRUWVDUHVXFKDVWRDVVXUHDFRQWLQXRXVSUHVVXUL]DWLRQRIWKHWUDLOHUDV
WKHYHKLFOHLVRSHUDWHGDWKLJKZD\VSHHGV
$VDOVRVKRZQLQ),*VXEPHUJHGLQOHWVDOVRDUHFRQQHFWHGLQFRPPXQLFDWLRQZLWKWKHVSDFHEHWZHHQ
WKHFDEDQGWUDLOHUIRUÁXVKLQJGRZQZDUGO\DLUDQGKHDWHQWUDSSHGLQWKLVVSDFH7KXVWKHVSDFHLVFRQWLQX
RXVO\FRROHG
$UDPDLUGXFWZLOOEHSURYLGHGIRUDFKLHYLQJDIXUWKHULQWURGXFWLRQRIWKHDLUÁRZWRWKHWUDLOHU7KHGXFW
DVVKRZQLQFOXGHVDQLQOHWRULÀFH),*DQGDGLVFKDUJHRULÀFHFRPPXQLFDWLQJZLWKWKHLQWHULRU
RIWKHWUDLOHUSUHIHUDEO\WKURXJKWKHOHDGLQJHQGZDOOWKHUHRI7KHUDPDLUGXFWLVRIDVXLWDEOHGHVLJQ
WKHGHWDLOVRIZKLFKIRUPQRSDUWRIWKHFODLPHGLQYHQWLRQKRZHYHUWKHGXFWSUHIHUDEO\LVFRPSULVHGRI
DÁH[LEOHGXFWZKLFKDFFRPPRGDWHVDUWLFXODWLRQRIWKHWUDFWRUWUDLOHUULJ$GGLWLRQDOO\WKHLQOHWRULÀFHLV
SURYLGHGZLWKVPRRWKQLFHO\URXQGHGHGJHVWKHUDGLXVRIZKLFKSUHIHUDEO\LVRQWKHRUGHURIVL[LQFKHV&RQ
VHTXHQWO\UDPDLULVLQJHVWHGYLDWKHRULÀFHZLWKPLQLPDODWWHQGDQWWXUEXOHQFH
)LQDOO\ZKLOHQRWVKRZQLWVKRXOGEHDSSDUHQWWKDWWKHGXFWVDQGDUHSDUWLFXODUO\VXLWHGIRUHVWDEOLVKLQJ
WHPSHUDWXUHFRQWUROSDUWLFXODUO\LQFROGHUFOLPDWHVIRUWKHWUDLOHUVLQFHWKHGXFWVUHDGLO\PD\EHSURYLGHG
ZLWKVHOHFWLYHO\RSHUDEOHFORVXUHPHPEHUVIRUSXUSRVHVRIUHVWULFWLQJWKHÁRZRIDLUWKHUHWKURXJK
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,WLVEHOLHYHGWKDWLQYLHZRIWKHIRUHJRLQJGHVFULSWLRQWKHRSHUDWLRQRIWKHLQVWDQWLQYHQWLRQLVUHDGLO\XQGHU
VWRRGKRZHYHUIRUWKHVDNHRIDVVXULQJDFRPSOHWHXQGHUVWDQGLQJWKHRSHUDWLRQWKHUHRILVDWWKLVSRLQWEULHÁ\
UHYLHZHG
:LWKWKHYHKLFOHDVVHPEOHGLQWKHPDQQHUKHUHLQEHIRUHGHVFULEHGWKHYHKLFOHLVSUHSDUHGIRURSHUDWLRQ
VXFKDVWKHKDXOLQJRIOLYHVWRFNDQGWKHOLNH+RZHYHULWLVWREHXQGHUVWRRGWKDWWKHXWLOLW\RIWKHYHKLFOHLV

QRWOLPLWHGWRWKHÀHOGRIWUDQVSRUWLQJOLYHVWRFNEXWPD\EHHPSOR\HGLQDQ\ÀHOGLQZKLFKLWLVGHVLUHGWKDWDQ
/'7EHXWLOL]HGIRUKDXOLQJFDUJRUHTXLULQJLPSURYHGYHQWLODWLRQDQGRUWHPSHUDWXUHFRQWURO
:LWKUHIHUHQFHWR),*LWFDQEHVHHQWKDWDVWKHYHKLFOHLVGULYHQDWKLJKZD\VSHHGVWKHUHLVHVWDEOLVKHG
DORQJWKHH[WHULRUVXUIDFHVWKHUHRIDQDWWDFKHGDLUÁRZ7KHVXEPHUJHGLQOHWVVHUYHWRLQJHVWSRUWLRQVRIWKH
DWWDFKHGDLUÁRZDQGLQWURGXFHWKHSRUWLRQVLQWRWKHLQWHULRURIWKHWUDLOHU$GGLWLRQDOO\UDPDLULVLQWUR
GXFHGLQWRWKHWUDLOHUYLDWKHRULÀFHDQGWKHGXFW2IFRXUVHWKHVSDFHEHWZHHQWKHFDEDQGWUDLOHU
FRQWLQXRXVO\LVÁXVKHGDVDLUPRYHVIURPWKHVXEPHUJHGLQOHWVIRUPHGLQWKHIDLULQJWKURXJKWKHVSDFH
WREHGLVFKDUJHGWKHUHEHQHDWK7KXVDQLQFUHDVHGDWPRVSKHULFSUHVVXUHLVHVWDEOLVKHGZLWKLQWKHWUDLOHUDV
ZHOODVWKHVSDFHEHWZHHQWKHFDEDQGWUDLOHU
6LPXOWDQHRXVZLWKWKHHVWDEOLVKPHQWRILQFUHDVHGSUHVVXUHVZLWKLQWKHWUDLOHUWKHRXWÁRZSRUWVDFFRP
PRGDWHDGLVFKDUJHRIJDVVHVIURPWKHWUDLOHUWRWKHUHJLRQEHKLQJWKHYHKLFOHDQGWRWKHDLUVWUHDPÁRZLQJ
DORQJWKHVLGHVRIWKHWUDLOHUDOOZLWKRXWVLJQLÀFDQWO\HQKDQFLQJWXUEXOHQFHIRUWKXVGLVUXSWLQJWKHDWWDFKHG
DLUÁRZDQGLQGXFLQJGUDJ,WVKRXOGEHUHFRJQL]HGWKDWWKHSRUWLRQRIDLUÁRZLQJRXWRISRUWVDWWKHEDVHRU
UHDUVXUIDFHRIWKHFDUJRER[ZLOOUHGXFHWKHGUDJRIWKHYHKLFOH7KLVÁXVKLQJRUGLVFKDUJHRIJDVVHVLVLQ
RSHUDWLRQFRQWLQXRXVIRUWKXVFRQWLQXRXVO\UHQHZLQJWKHDLUDQGFRQWUROOLQJWKHWHPSHUDWXUHZLWKLQWKHWUDLOHU
,QYLHZRIWKHIRUHJRLQJLWLVEHOLHYHGWREHUHDGLO\DSSDUHQWWKDWWKURXJKWKHXVHRIDVRFDOOHG/'7GHVLJQ
IRUOLYHVWRFNKDXOHUVIXHOHFRQRP\LVUHDOL]HGDQGPRUHRYHUWKURXJKWKHXVHRIUDPDLUDQGVXEPHUJHGLQ
OHWVWKHOLIHVXSSRUWLQJHQYLURQPHQWZLWKLQWKHWUDLOHULVJUHDWO\HQKDQFHG7KXVWKHUHKDVEHHQSURYLGHGD
SUDFWLFDOVROXWLRQWRPDQ\RIWKHSUREOHPVKHUHWRIRUHSODJXLQJGHVLJQHUVRIOLYHVWRFNKDXOHUVDQGWKHOLNH
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2WKHU5HIHUHQFHV
1$6$$UWLFOH´$%DVH'UDJ5HGXFWLRQ([SHULPHQWRQWKH;/LQHDU$HURVSLNH65([SHULPHQW
/$65()OLJKW3URJUDPµGDWHG0DU
&ODLPV
:KDWLVFODLPHGLV
$PHWKRGIRUUHGXFLQJWKHGUDJRIDYHKLFOHKDYLQJDIRUHERG\DQGDEDVHFRPSULVLQJLUUHJXODUO\FRDUVHQ
LQJDVXUIDFHRIWKHYHKLFOHLQRUGHUWRLQFUHDVHGUDJDORQJWKHFRDUVHQHGVXUIDFHWKHUHE\UHGXFLQJGUDJDIW
RIWKHFRDUVHQHGVXUIDFHZKHUHE\DSSUR[LPDWHO\RIWKHIRUHERG\RIWKHYHKLFOHLVFRDUVHQHGZKHUHLQ
WKHYHKLFOHLVDÁLJKWYHKLFOHZKHUHE\WKHFRDUVHQLQJLVDFFRPSOLVKHGE\DWWDFKLQJDFRDUVHQLQJDJHQWWRWKH
YHKLFOHVXUIDFHWKHFRDUVHQLQJDJHQWEHLQJDSSOLHGWRDSSUR[LPDWHO\RIWKHIRUHERG\RIWKHYHKLFOHWKH
FRDUVHQLQJDJHQWKDYLQJDQDYHUDJHGLDPHWHURIDSSUR[LPDWHO\LQFKHVZKHUHE\WKHFRDUVHQLQJDJHQWLV
VXVSHQGHGLQSDLQWZKHUHLQWKHFRDUVHQHGVXUIDFHKDVDQHTXLYDOHQWVDQGJUDLQURXJKQHVVRIEHWZHHQDS
SUR[LPDWHO\DQGLQFKHVZKHUHE\0(060LFUR(OHFWUR0HFKDQLFDO6\VWHPVFRQWUROOHUVDUHXVHG
WRDGDSWLYHO\YDU\WKHFRDUVHQHGVXUIDFHHTXLYDOHQWURXJKQHVVDFFRUGLQJWR0DFKQXPEHU
$PHWKRGIRUUHGXFLQJWKHGUDJRIDÁLJKWYHKLFOHKDYLQJDIRUHERG\ZHWWHGDUHDDQGDEDVHFRPSULVLQJ
FRDUVHQLQJDSSUR[LPDWHO\RIWKHIRUHERG\ZHWWHGDUHDZLWKDFRDUVHQLQJDJHQWKDYLQJDQDYHUDJHDSSUR[L
PDWHGLDPHWHURILQFKHVWRFUHDWHDFRDUVHQHGVXUIDFHVXFKWKDWWKHFRDUVHQHGVXUIDFHKDVDQHTXLYDOHQW
VDQGJUDLQURXJKQHVVRIEHWZHHQDSSUR[LPDWHO\DQGLQFKHVDQGWKHFRDUVHQHGVXUIDFHLQFOXGHV
0(060LFUR(OHFWUR0HFKDQLFDO6\VWHPVFRQWUROOHUVWRDGDSWLYHO\YDU\WKHFRDUVHQHGVXUIDFHHTXLYDOHQW
URXJKQHVVDFFRUGLQJWR0DFKQXPEHULQRUGHUWRLQFUHDVHGUDJDORQJWKHFRDUVHQHGVXUIDFHWKHUHE\UHGXFLQJ
GUDJDORQJWKHEDVH
'HVFULSWLRQ
%$&.*5281'2)7+(,19(17,21
)LHOGRIWKH,QYHQWLRQ
7KLVLQYHQWLRQUHODWHVWRPHWKRGVDQGGHYLFHVIRUUHGXFLQJGUDJRQEOXQWERG\YHKLFOHV
'HVFULSWLRQRIWKH5HODWHG$UW
&XUUHQWSURSRVHGVKDSHVIRUVLQJOHVWDJHWRRUELWYHKLFOHVOLNHWKH/RFNKHHG0DUWLQ;DQG´9HQWXUH
6WDUµUHXVDEOHODXQFKYHKLFOH5/9KDYHH[WUHPHO\ODUJHEDVHDUHDVZKHQFRPSDUHGWRSUHYLRXVK\SHUVRQLF
YHKLFOHGHVLJQV$VDUHVXOWEDVHGUDJHVSHFLDOO\LQWKHWUDQVRQLFÁLJKWUHJLPHLVH[SHFWHGWREHYHU\ODUJH
DQGZLOOOLNHO\GRPLQDWHRURYHUZKHOPDOORWKHUIDFWRUVUHOHYDQWWRWKHYHKLFOHSHUIRUPDQFH([FHVVLYHEDVH
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GUDJFRXOGVHULRXVO\OLPLWWKHUDQJHRIDYDLODEOHODQGLQJVLWHVIRUWKH´9HQWXUH6WDUµDQGZLOOUHGXFHSD\ORDG
FDSDELOLW\7KHXQLTXHFRQÀJXUDWLRQRI/RFNKHHG0DUWLQ5/9ZLWKLWVYHU\ODUJHEDVHDUHDQGUHODWLYHO\ORZ
IRUHERG\GUDJRIIHUVWKHSRWHQWLDOIRUDODUJHLQFUHDVHLQRYHUDOOYHKLFOHSHUIRUPDQFHLIWKHEDVHGUDJFDQEH
UHGXFHGVLJQLÀFDQWO\
7KHUHKDYHEHHQSUHYLRXVDWWHPSWVWRJHQHUDOO\DGGUHVVWKHLVVXHRIGUDJUHGXFWLRQE\DOWHULQJWKHVXUIDFHRID
YHKLFOH
863DW1RGLVFORVHVDZDOOKDYLQJDGUDJUHGXFLQJFRQÀJXUDWLRQFRPSULVLQJDZDOOVWUXFWXUH
ZLWKVKDUSHGJHGULGJHVVHSDUDWHGE\YDOOH\VWKDWKDYHGUDJUHGXFLQJFKDUDFWHULVWLFV
863DW1RGLVFORVHVDYHKLFOHZLWKDQRXWHUVXUIDFHWKDWLQFOXGHVDPDWUL[RIFDYLWLHV7KHYH
KLFOHLVVHOHFWHGIURPWKHJURXSFRQVLVWLQJRIDXWRPRELOHDLUSODQHDQGERDW
863DW1RGLVFORVHVDSOXUDOLW\RIVXUIDFHHOHPHQWVDUUDQJHGLQURZVRQWKHVXUIDFHRIDQREMHFW
ZLWKWKHVXUIDFHHOHPHQWVRIHDFKURZEHLQJDUUDQJHGJHQHUDOO\RUWKRJRQDOWRWKHGLUHFWLRQRIUHODWLYHPRWLRQ
RIWKHREMHFW(DFKVXUIDFHHOHPHQWLQFOXGHVPHDQVGHÀQLQJDFDYLW\DQGWKHFDYLWLHVDUHLQWHUFRQQHFWHGE\
PHDQVRISDVVDJHZD\VWRIDFLOLWDWHÁXLGFRPPXQLFDWLRQWKHUHEHWZHHQ7KHSDVVDJHZD\VIDFLOLWDWHHTXDOL]D
WLRQRISUHVVXUHEHWZHHQWKHFDYLWLHVRIWKHVXUIDFHHOHPHQWVLQHDFKURZZKLFKXOWLPDWHO\UHVXOWVLQUHGXFLQJ
WXUEXOHQFHDURXQGWKHREMHFW
863DW1RGLVFORVHVSURYLGLQJUHFHVVHVRIYDULRXVVRUWVDQGVKDSHVRQWKHVXUIDFHRIDYHKLFOH
VXFKDVZLOOPLQLPL]HWKHDLUDQGZDWHUUHVLVWDQFHRIIHUHGE\WKHYHKLFOHHVSHFLDOO\ZKHQSURFHHGLQJDWUHOD
WLYHO\KLJKVSHHGV
863DW1RGLVFORVHVGUDJUHGXFLQJVXUIDFHGHSUHVVLRQVWKDWDUHVKDSHGOLNHVHFWLRQVRIWUXQFDWHG
FRQHVRUKH[DJRQDOSULVPVJHRGHVLFGRPHVDQGWKDWFRYHUWKHHQWLUHVXUIDFHRIWKHERG\RIWKHYHKLFOH
:KDWHDFKRIWKHVHSULRUDUWDSSURDFKHVKDVLQFRPPRQLVWKDWWKH\XVHGHSUHVVLRQVLQWKHYHKLFOHVXUIDFHWR
UHGXFHGUDJDWWKHORFDWLRQVRIWKHGHSUHVVLRQV+RZHYHUQRQHRIWKHVHDSSURDFKHVDGGUHVVWKHLVVXHVSHFX
OLDUWREOXQWEDVHGYHKLFOHVZLWKH[WUHPHO\ODUJHEDVHDUHDVDQGQRQHGLVFORVHUHGXFLQJRYHUDOOYHKLFOHGUDJ
E\LQFUHDVLQJGUDJDWSDUWLFXODUDUHDVRIDYHKLFOH7KHUHIRUHDQHHGH[LVWVIRUDPHWKRGRIUHGXFLQJGUDJLQ
DEOXQWEDVHGYHKLFOHZLWKDQH[WUHPHO\ODUJHEDVHDUHDWKDWLVHIIHFWLYHHDV\WRLPSOHPHQWDSSOLFDEOHWR
DOOW\SHVRIEOXQWEDVHGYHKLFOHVDWDOOVSHHGVDQGGRHVQRWGHFUHDVHWKHLQKHUHQWVWUXFWXUDOLQWHJULW\RIWKH
YHKLFOH
6800$5<2)7+(,19(17,21
,QYLHZRIWKHIRUHJRLQJGLVDGYDQWDJHVLQKHUHQWLQWKHNQRZQW\SHVRIGUDJUHGXFWLRQPHWKRGVQRZSUHVHQWLQ
WKHSULRUDUWWKHSUHVHQWLQYHQWLRQSURYLGHVDQHZPHWKRGRIGUDJUHGXFWLRQZKHUHLQWKHVDPHFDQEHXWLOL]HG
IRUEOXQWERG\YHKLFOHVZLWKODUJHEDVHDUHDV

7KHJHQHUDOSXUSRVHRIWKHSUHVHQWLQYHQWLRQZKLFKZLOOEHGHVFULEHGVXEVHTXHQWO\LQJUHDWHUGHWDLOLVWR
SURYLGHDQHZGUDJUHGXFWLRQPHWKRGZKLFKKDVPDQ\QRYHOIHDWXUHVWKDWUHVXOWLQDPHWKRGRIUHGXFLQJGUDJ
ZKLFKLVQRWDQWLFLSDWHGUHQGHUHGREYLRXVVXJJHVWHGRUHYHQLPSOLHGE\DQ\RIWKHSULRUDUWPHWKRGVHLWKHU
DORQHRULQDQ\FRPELQDWLRQWKHUHRI
7KHPHWKRGVGLVFXVVHGLQWKLVGRFXPHQWRIIHUDPHDQVWRDFKLHYHVXFKUHGXFWLRQV7KHPHWKRGLQFOXGHVUH
GXFLQJWKHGUDJRIDYHKLFOHKDYLQJDIRUHERG\DQGDEDVHE\FRDUVHQLQJWKHVXUIDFHRIWKHYHKLFOHLQRUGHUWR
LQFUHDVHGUDJDORQJWKHFRDUVHQHGVXUIDFHWKHUHE\UHGXFLQJGUDJDIWRIWKHFRDUVHQHGVXUIDFH
%5,()'(6&5,37,212)7+('5$:,1*6
),*LVDJUDSKRIWKHVXEVRQLFFRUUHODWLRQRIEDVHDQGYLVFRXVIRUHERG\GUDJFRHIÀFLHQWV
),*LVDYLVXDOL]DWLRQRIDEDVHSXPSLQJPHFKDQLVP
),*LVDJUDSKGHSLFWLQJWKHYLVXDOL]DWLRQRIWKH´GUDJEXFNHWµ
),*GHSLFWVWKHOD\RXWRIWKH/$65(IRUHERG\JULW
),*LVDUHDUYLHZRIDQH[HPSODU\YHKLFOHZKHUHWKHFRDUVHQHGVXUIDFHLVGHSLFWHGE\WKHVKDGHGDUHD
),*LVDSHUVSHFWLYHYLHZRIDQH[HPSODU\YHKLFOHZKHUHWKHFRDUVHQHGVXUIDFHLVGHSLFWHGE\WKHVKDGHG
DUHD
'(6&5,37,212)7+(35()(55('(0%2',0(176
7KHGHWDLOHGGHVFULSWLRQVHWIRUWKEHORZLQFRQQHFWLRQZLWKWKHDSSHQGHGGUDZLQJVLVLQWHQGHGDVDGHVFULSWLRQ
RISUHVHQWO\SUHIHUUHGHPERGLPHQWVRIWKHLQYHQWLRQDQGLVQRWLQWHQGHGWRUHSUHVHQWWKHRQO\IRUPVLQZKLFK
WKHSUHVHQWLQYHQWLRQPD\EHFRQVWUXFWHGDQGRUXWLOL]HG7KHGHVFULSWLRQVHWVIRUWKWKHIXQFWLRQVDQGWKH
VHTXHQFHRIVWHSVIRUFRQVWUXFWLQJDQGRSHUDWLQJWKHLQYHQWLRQLQFRQQHFWLRQZLWKWKHLOOXVWUDWHGHPERGLPHQWV
+RZHYHULWLVWREHXQGHUVWRRGWKDWWKHVDPHRUHTXLYDOHQWIXQFWLRQVDQGVHTXHQFHVPD\EHDFFRPSOLVKHGE\
GLIIHUHQWHPERGLPHQWVWKDWDUHDOVRLQWHQGHGWREHHQFRPSDVVHGZLWKLQWKHVSLULWDQGVFRSHRIWKHLQYHQWLRQ
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